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FIGURE LEGENDS 
Figure 
1 Ten generalized trends for diversity or production 
through succession, as observed or hypothesized by one 
or more authors. Letters refer to curve types described 
in text. 
2 Seasonal course of actual evapotranspiration for 1976 
and 1977 in the four seral ensembles. Calculations 
based on empirical method of Thornthwaite and Mather 
(1957). Lettered arrows indicate dates of first and 
last frosts for both years. 
3 Composite photograph of the U.S.G.S. Meadowville, Utah 
7½' quadrangle and a 1963 aerial photograph of the "Big 
Meadow" area. "Big Meadow" is the large open area in 
the lower left quadrant of the photograph (NW~, SW½;, 
sec. 15). Images were accurately superimposed in this 
area only. Checkerboard box patterns show locations of 
established macroplots; sites relevant to this study are 
marked by "T. 11 The single dashed line running through 
"Big Meadow" and continuing northeast (geographical 
north at top of Figure) is Jebo Creek Trail. It roughly 
parallels Jebo Creek from Aspen plot "T" downstream. 
Contour interval= 40 feet. Scale 1:7200. 
4 Coordinate system used in each macroplot for select!~g 
computer generated random plot locations. Each 1 m 
plot location selected was further subdivided (as shown 
by blowup diagram) into clusters of four 1 x 2 ft 
quadrats. 
5 Fencing design used for exclusion of herbivores and 
detritivores from within the macroplots. Indicated 
heights are generalized due to variations in depths to 
which material could be buried in the soil. An addition-
al four inches at the top of the hardware cloth 
(diagonally lined pattern) and flashing (cross-hatching 
pattern) were bent downwards 135°. 
6 Photograph of the study sites as viewed approximately 
70 meters southwest of the Meadow macroplot and looking 
north towards the Aspen, Fir, and Spruce-Fir macroplots 
(far right). Structure in center of photograph is the 
meadow weather station which was placed atop a raised 
platform to protect it from deep winter snowpacks. 
Evident in this photograph are the sub-exposed boulders 
which are frequent in "Big Meadow." Photographed 19 
August 1978. 
FIGURE LEGENDS (Continued) 
Figure 
7 Photograph of the Aspen macroplot taken near the south-
west (meadow) corner of the sampling grid. Note the 
open nature of the canopy in the foreground, with an 
increasing number of trees through the center, and the 
invasion of Subalpine fir at the north boundry. Photo-
graphed 19 August 1978. 
8 Photograph of the vegetation characteristic of the Fir 
ensemble. View is of the area immediately adjacent to 
the west boundry of the Fir macroplot. Note extensive 
understory of Rudbeakia oaaidentaZis var. oaaidentaZis 
which dominates under canopy openings. Photographed 
19 August 1978. 
9 Photograph of the Spruce-Fir ensemble looking north 
from the center of the south macroplot boundry. The 
ground is characteristically rocky with a deep litter 
layer. Litter traps in foreground are from a study of 
tree litter accumulations (Williams and Henderson, 
unpublished data). Photograp h ed 19 August 1978. 
10 Flowchart of the field and da t a analysis procedures. 
Squares and rectangles repres ent raw ( i nput) data 
and/or processes. Document symbols re )'resent proces-
sed (output) data and rhomboides repre s ent input data 
secondary to the study. Steps are referenced by nurnber 
in text. 
11 Seasonal course of photosynthetic biomass (net com-
munity standing crop less current year necromass) for 
the four seral ensembles over the 1977 snow-free season. 
Curves are hand fit. 
12 Seasonal course of photosynthetic biomass for the 
dominant taxa in the Meadow seral ensemble for 1977. 
Curves are hand fit. ERSPM = Erigeron speaiosus var. 
maaranthus, POARC = PotentiZZa arguta var. aonvaZZaria, 
GIAG = Cilia aggregata, and ARDR = Arabis drwnmondii. 
13 Seasonal course of photosynthetic biomass for the 
dominant taxa in the Aspen seral ensemble for 1977. 
Curves are hand fit. ERSPM = Erigeron speaiosus var. 
maaranthus, LUARR = Lupinus argenteus var. rubriaaulis, 
RUOCO = Rudbeakia oaaidentaZis var. oaaidentalis, 
HAMI = HaakeZia maarantha, and ERHE = Eriogonum 
heraaZeoides. 
FIGURE LEGENDS (Continued) 
Figure 
14 Seasonal course of photosynthetic biomass for the 
dominant taxa in the Fir seral ensemble for 1977. 
Curves are hand fit. RUC0 = Rudbeckia occidentalis 
var. occidentalis, BRMA = Bromus marginatus, AGTRG = 
Agropyron trachycaulum var. glaucwn, ASEN= Aster 
engelmannii, LIFI = Ligusticum filicinum, HAMI = 
Hackelia macrantha. 
15 Seasonal course of photosynthetic biomass for the 
dominant taxa in the Spruce-Fir seral ensemble for 
1977. Curves are hand fit. ASEN= Aster engelmannii, 
LIFI = Ligusticum filicinum, PERAA = Pedicularis 
racemosa var. alba, SECR = Senecio crassulus, and 
STJA = Stellaria jamesiana. 
16 Residence time for different pairs of co-dominant taxa 
in the four seral ensembles in 1977. Each bar repre-
sents the period of time a particular pair of taxa 
dominated the ensemble. New bars indicate a shift in 
co-dominance. Data taken from curves in Figures 11 to 
14. 
17 Gradient analysis of dominant taxa over the Meadow to 
Spruce-Fir sere as hypothesized by Schimpf, et al. 
(1980). Distance between seral ensembles are equiva-
lent for graphical simplicity only. Data includes the 
co-dominant taxa (based on mean daily photosynthetic 
biomass) from each seral ensemble. Curves are hand fit. 
P0ARC = Potentilla arguta var. convallaria, GIAG = Gilia 
aggregata, BRMA = Bromus marginatus, ERSPM = Erigeron 
speciosus var. macranthus, LUARR = Lupinus argenteus 
var. rubricaulis, RU0C0 = Rudbeckia occid~ntalis var. 
occidentalis, STJA = Stellaria jamesiana, ·and ASEN= 
Aster engelmarmii. 
18 Seasonal course of diversity:richness, as measured by 
total number of taxa sampled (s), for the four seral 
ensembles over the 1977 snow-free season. Curves are 
hand fit. (Inclwles overlay containing Figure 11.) 
19 Seasonal course of diversity:richness, as measured by 
the mean number of taxa per quadrat, for the four seral 
ensembles in 1977. Curves are hand fit. 
20 Dominance-diversity curves for the herbaceous vegetation 
in four seral ensembles with their E equitability 
indices (based on mean daily photosygthetic biomass). 
Curves are truncated in that they do not show contribution 
from trees. 
FIGURE LEGENDS (Continued) 
Figure 
21 Coefficient of Community matrix for herbaceous vegetation 
in the }1eadow (M), Aspen (A), Fir (F), and Spruce-Fir (S) 
seral ensembles. 
22 Percentage Similarity matrix for herbaceous vegetation 
in the Meadow (M), Aspen (A), Fir (F}, and Spruce-Fir (S) 
seral ensembles. 
ABSTRACT 
Diversity and Production of Herbaceous 
Vegetation in a Northern Utah 
Subalpine Chronosequence 
by 
Gary A. Reese, Master of Science 
Utah State University, 1980 
Major Professor: Dr. Neil E. West 
Department: Range Science 
Successional trends in herbaceous plant production and diversity 
were studied in an age sequence of sites, i.e. chronosequence, 
inferred to represent a meadow to aspen to fir to spruce-fir sere. 
Primary production was observed to decrease in a linear fashion with 
successional development. Three components of diversity; richness, 
heterogeneity, and equitability or evenness, each had low early 
successional values, reaching maximum diversity in mid-succession, 
and declining to intermediate levels with maturity. The magnitude 
of these trends varied greatly, depending on the methods used to 
determine plant dominance. Characteristics of various dominance 
indices and their applicability to this study were examined. Mean 
daily photosynthetic biomass was found to be an especially appropriate 
index of dominance for studying these seasonally dynamic communities. 
• 
A checklist of 141 vascular plant taxa encountered in the study 
is included. The flora was determined to be exceedingly species rich, 
with values of the calculated diversity indices among the highest 
reported in the literature reviewed. The limitations of diversity 
indices to sampled data is discussed. 
(177 pages) 
INTRODUCTION 
The primary objective of this study was to test three of 
Odum's (1969) hypothesized successional trends with data collected 
from a subalpine chronosequence in northern Utah. Specifically 
investigated were three hypotheses relating to annual production 
and diversity of herbaceous vascular plants. The first hypothesis 
was: as an ecosystem matures, net annual production decreases 
from large yields in "developmental stages" to small or zero 
yields in "mature stages." The second hypothesis was that the 
variety component of species diversity " ••• tends to increase 
during early stages of connnunity development." This is presented 
somewhat differently in the tabular model (Odum, 1969; Table 
1) with low variety characteristic of "developmental stages" 
and high variety of "mature states." The third hypothesis was: 
the equitability or evenness component of species diversity will 
increase with successional development. In tabular form, equitability 
will be low in "developmental stages" and high in "mature stages." 
A secondary objective of this study was to investigate whether 
calculated trends in production and diversity are artifacts of 
the indices used to calculate them. Several questions must be 
answered to effectively test and evaluate successional trends. 
For example, can alternative trends in production or diversity 
be supported by selection of particular indices. In addition, 
does the timing and method of sampling seral communities influence 
the parameters observed between those communities? If the answer 
to either of these is affirmative, it begs the question of which 
indices, dates or methods of sampling best represent the community 
characteristics we are interested in? 
2 
3 
REVIEW OF LITERATURE 
Ecosystem development is defined by Odum (1969) as an 
orderly process of community change (succession) which results 
from modification of the physical environ ment of the ecosystem. 
The specific pattern of this development and the trends associated 
with various ecosystem para meters have been the topic of considerable 
speculation in the ecological literature. Innumerable studies 
I 
have examined one or a few attributes over time (see reviews by 
Whittaker (1953, 1974) and Haug (1970)). These data have led 
to postulations of attributes or strategies of ecosystem development, 
such as those of Lindeman (1942), Whittaker (1953), Odum and 
Pinkerton (1955), Margalef (1963, 1968), Cook (1967), Woodwell 
(1967), Odum (1969), Drury and Nisbet (1971, 1973), Dansereau 
(1974), Horn (1974), Heady (1975), and Blondel (1976). Probably 
the most -exhaustive model of the trends to be expected in ecosystem 
development is Odum's (1969), based in part on previously published 
trends hypothesized by Margalef (1963, 1968). 
While some F ecent studies have presented trends which concur 
with Odum's, many disagree. Exa mination of the literature revealed 
a wide range of observed and hypothesized trends for all three 
of Odum's attributes which were under investi ga tion here. 
The set of curves in Figure 1 illustr a te gene ralized forms 
for trends reported in the literature. Production curves which 
rise steadily to maximum values in midsuccession and then drop 
slightly in climax (Type B) have been hypothesized by Cle ments 
4 
Figure 1. Ten generalized tr e nds for div ersity or production through 
succession, as obs erved or hypoth e sized by one or more auth-
ors. Letters refer to curve types d esc ribed in text. 
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and Shelford (1939), Lindeman (1942), Whittaker (1953), and 
Colinvaux (1973). Kira and Shidei (1967) documented this trend 
in South Pacific island forests. There is reason to believe 
that Odum (1969) implied this general trend (Colinvaux, 1973) 
since his tabular model is a simplification of the text (Horn, 
1974). A steady increase in production through early succession 
with an asymptotic curve in late succession (Type G) has been 
hypothesized for xeric, high elevation (stressed) sites in the 
Colorado Front Range by Peet (1978). This type of curve has 
also been observed by Nicholson and Monk (1975) and Forcella 
and Weaver (1977) in chronosequences not . considered particularly 
stressful. Dansereau (1974) has hypothesized this same trend, 
but with a linear increase over time (Type A). A decreasing 
linear trend (Type F) and a steadily decreasing curve with a 
slight increase in mature stages (Type H), has been observed in 
6 
an old-field chronosequence by Mellinger and McNaughton (1975). 
Different methods of calculating production resulted in a variation 
of the trends in that study. 
Diversity:richness trends have been observed to follow 
nearly every combination of form possible. Odum (1969) acknowledged 
that diversity trends are controversial and cautioned that" 
community changes may work against these trends." Some of this 
variability is due to the wide variety of indices used, each of 
which imparts its own definition to diversity (Peet, 1974). 
other 
Rapidly decreasing diversity:richness with a slight increase 
in late seral stages (Type H) has been hypothesized for environ~entally 
favorable sites by Peet (1978). It has been reported in the 
literature for studies by Ivessalo (1937), Siren (1955), Reiners 
et al. (1971), and Long (1977). Rapidly -increasing curves with 
a slight decrease at climax (Type B) have been hypothesized by 
Nicholson and Monk (1974) and for xeric, high elevation sites by 
Peet (1978). This trend was observed in Alaskan chronosequences 
by Heilman (1966, 1968) and Viereck (1966), but not by Reiner~, 
et al. (1971) (see above). Mellinger and McNaughton (1975) 
observed a linear increase in richness (Type A), while Bazzaz 
(1975) and Nicholson and Monk (1974) reported an increase with 
an asymptote towards climax (Type G). In the study by Bazzaz 
(1975), this increase was gradual in contrast to a rapid rise 
for Nicholson and Monk's (1974). A gradual increase, then rapid 
decrease toward climax (with values lower than in pioneer stages, 
Type D) was observed by Shafi and Yarranton (1973). Additionally, 
a monotonic pattern (Type C) was reported by Henderson (1978). 
Reported trends in heterogeneity and equitability components 
1 
of diversity (sensu Peet (1974) rather than Odum (1969) ) are 
7 
as varied as for richness, albeit less frequent. Linear decreases 
in equitability (Type F) were observed for forests in the Great 
Lakes region by Loucks (1970), Auclair and Goff (1971) and Nicholson 
1
odum (1969) used Shannon-Weiner H' (see Appendix A) as 
an equitability or evenness index, when in fact it is a measure of 
both richness and equitability (defined as "heterogeneity," sensu 
Peet, 197 4). 
8 
and Scott (1972). Rapidly decreasing heterogeneity and equitability, 
with slightly higher values at climax (Type H) were found by 
Long (1977). Shafi and Yarranton (1973) showed a correlation 
between richness, heterogeneity, and equitability with each 
being a gradually increasing then rapidly decreasing trend, with 
a minimum value at climax (Type D). Ambiguous curves were reported 
in equitability by Nicholson and Monk (1974) and in heterogeneity 
by Reiners et al. (1971). Additionally, three forms of increasing 
curves have been reported: an initially declining (gradual) but 
then rapidly increasing curve with maximum heterogeneity at 
climax (Type E) (Dyrness, 1973); a rapidly increasing, asymptotic 
heterogeneity curve (Type G) (Reiners, et al., 1971; Henderson, 
1978); and a linearly increasing equitability curve (Type A) 
(Bazzaz, 1975). Heterogeneity and equitability curves with 
rapidly increasing diversity towards late succession, followed 
by a slight decrease at climax (Type B), have been proposed by 
Margalef (1963, 1968) and Nicholson and Monk (1974), but not 
observed. 
The disparate trends in diversity reported in the literature 
have led two researchers (Osman and Whitlatch, 1978) to question 
whether there are underlying biological causes of diversity, or 
if they are simply artifacts of open and dynamic ecosystems. 
Pulliam, et al. (1968), del Moral (1972), Nicholson and Monk 
(1974, 1975), and Henderson (1978), among others, have noted 
conflicting trends in diversity depending on which index is 
used to describe it. Recent attentiJn to the methods of assessing 
primary production (Kelley, et al., 1974; Singh, et _tl., 1975) 
have shown that wide differences in estimates of production may 
be found, depending on the index used. Furthermore, Dickman 
(1968) has cautioned that the choice of an importance (dominance) 
measure may influence results in diversity studies. 
Similar conflicting viewpoints and observations have been 
published on the successional pathways to be expected in western 
United States subalpine chronosequences. While the majority of 
papers recognizing climax as a distinct community favor Spruce-Fir 
as the climatic climax, a wide variety of dissenting hypotheses 
exist. The five major community types in subalpine areas of 
the interior western United States - meadow, Aspen, Lodgepole, 
Pine, Fir and Spruce-Fir - have all been considered as "climax" 
or potential "climax" by at least one author. 
The classic hypothesis of subalpine secondary succession 
is that of Stahelin (1943). He considered the Spruce-Fir type 
9 
as "climatic climax" in Colorado and southern Wyoming. This 
hypothesis is applicable to areas outside that region, as evidenced 
by the inclusion of certain of Stahelin's proposed pathways 
into other models (e.g., Schimpf, et al., 1980). Stahelin, 
(1943) stated that following severe fire, moss cover with scattered 
grasses and forbs will form a pioneer stage. This is replaced 
by one of the following: subalpine grassland (mesic), dry park 
grassland, aspen, aspen-lodgepole, or lodgepole. Succession to 
a Spruce-Fir type following a grassland stage is very slow (100 
years). He considered the grassland sod and high cover contributed 
by forbs to be primary factors in the slow replacement rate. If 
one or more aspens survived, or any lodgepole pine seed trees are 
present nearby, forest may again develop. Succession is 
then facilitated by shading of the understory plants. These 
intermediate forests are succeeded by the climax -spruce-fir 
type. The successional pathway after light fires is more rapid, 
passing through a Vaccinium sp. type. According to Stahelin's 
model, light fires are not destructive enough to results in a 
grass-dominated seral stage. 
10 
Previous controversial papers by Sampson (1916) -and Featherolf -
(1917) (see Baker, 1918), suggesting that aspen may be a permanent 
type, vere not addressed in Stahelin's model. More recent studies 
have documented self-perpetuating aspen throughout the Rocky 
Mountains (Lynch, 1955; Langenheim, 1962; Habeck, 1967; Beetle, 
1968; Morgan, 1969; Alder, 1970; Reed, 1971; Warner and Harper, 
1972; Pfister, 1972; Pfister, et al., 1977; Harper, 1973; and 
Gruell and Loope, 1974). In western Colorado and central Utah 
(including the lower Uinta Mountains), aspen development is 
optimal and conifer replacement has been estimated to take 1000+ 
years (Pfister, 1972; Mueggler, 1976). From a management standpoint, 
these may be considered "de facto climax" (Mueggler, 1976). 
Besides replacement of aspen by conifers, aspen may also 
be replaced by shrublands or grasslands. This generally occurs 
when deteriorated clones fail to sucker (Schier, 1975) or when 
suckers are repeatedly browzed by deer, elk, or cattle (Gruell 
and Loope, 1974; Mueggler, 1976). 
Loope and Gruell (1973) consider subalpine fir to be the 
climax dominant under fire suppression in Jackson Hole, Wyoming. 
They cite as evidence the even-aged stands of Engelmann spruce 
in the absence of fire. Their observation, however, has not 
been reported from other areas. Whipple and Dix (1979) have 
reported climax lodgepole pine in the Fraser Experimental Forest 
of Colorado. Climax lodgepole pine stands had been previously 
reported by Moir (1969), but were less than 100 years old. 
11 
Ellison (1954) has proposed the Meadow type on the Wasatch 
Plateau as "climatic climax." He cited as primary evidence the 
generally greater soil development in meadows than that of conifer 
stands. Heinselman and Wright (1973) viewed subalpine meadows 
as the "Clementsian climax" (i.e., climatic), but state that 
this "is rarely reached" because recurring fires perpetuate forest. 
Their hypothesis apparently considers meadows as both early 
seral and "climax. 11 Langenheim (1962) and Schimpf, et al. (1980) 
consider some meadows to be relicts from the Pleistocene period 
when the climate was warmer and drier. Barclay and Weese (1941) 
and Moir (1967) have interpreted Langeheim's upland herb community 
(upper subalpine of Anderson, ~ al., 1979) as "climax." 
Most authors recognize Stahelin's (1943) contention that 
the meadow is a persistent early seral stage. Langenheim (1962), 
Moir (1967), Franklin, et al. (1971) and Whipple and Dix (1979) 
attribute it to the inability of tree seedlings to become established 
in sod. Drought stress from direct exposure to the sun is also 
a potential factor (Root and Habeck, 1972; Schimpf, et al., 1980 
Forest invasion is apparently facilitated by short term climatic 
changes which favor conifer seedling establishment (Brink, 1959; 
Fonda and Bliss, 1969; Franklin, et al., 1980). Dunwiddie (1977) 
has challenged the climatic change concept by establishing a correlation 
between conifer invasion of a meadow in the Wind River Range, Wyoming, 
and grazing intensities. The role of grazing animals in subalpine 
succession has not been considered by other authors, except Ellison 
(1954) who discussed meadow retrogression from a range management 
standpoint. 
Schimpf, et al. (1980) proposed a successional pathway 
they believe is operative in the area of this study. First, 
they recognize that the madows are not of recent fire origin and 
are likely long persisting. They suggest these meadows are 
relicts from a colder period when Meadow was the "climatic climax." 
Second, they propose that forest succession is both autogenic 
and allogenic, i.e. "climax" forest establishment is facilitated 
by aspen invasion and warmer temperatures allow forest expansion. 
Finally, they view the climax as Spruce, with Fir as a subordinate 
and Pedicularis racemosa dominating the sparse understory. 
"Climax" is reached following a comparatively (in relation to 
aspen invasion) rapid invasion of Fir into Aspen (100-150 years) 
and a subsequent gradual shift in dominance from Fir to Fir-Spruce, 
then Spruce-Fir, and finally Spruce. 
METHODS 
Site Description 
This research examines the herbaceous vascular plant synusia 
in four serally stratified ensembles (or community samples, 
sensu Pielou, 1975). 1 These ensembles are located within 
the Engelmann spruce (Picea engelmannii)-Subalpine fir (Abies 
lasiocarpa) vegetation zone (Cronquist,~ al., 1972) in northern 
2 Utah. This vegetation zone is commonly referred to as the 
spruce-fir or subalpine zone (Rydberg, 1915; Schimpf, et al., 
1980). At 2533 to 2548 rn above sea level, it is lower than the 
altitudinal limits delineated by Graham (1937), Ellison (1954), 
or Cronquist,~ al., (1972). Love (1970) refers to this zone 
as the upper montane. 
This study is part of an integrated ecosystem analysis of 
the Utah State University School Forest (s ~chimpf, et tl•, 1980). 
The School Forest is located in the Bear River Range, 7.2 km 
south-southwest of Bear Lake Summit (U.S. Route 89) and 31.4 km 
east-northeast of Logan, Utah. The vegetation is characterized 
by a heterogeneous mosiac of community types, pri marily dry 
meadow openings, peripheral quaking aspen (Populus tremuloides) 
strip forests, and mixed conifer forests with varying proportions 
1As opposed to "seral stages," a term which implies known 
successional positions and/or ages. 
2 Author citations for scientific names are given in Appendix B. 
of Lodgepole pine (Pious contorta var. latifolia), Subalpine fir, 
and Engelmann Spruce. 
Schimpf, et tl• (1980) reported a lack of surficial charcoal 
layers from pedons in the "Big Meadow" area. This apparent 
lack of recent fires may have influenced present vegetal patterns 
to a nruch greater extent than historical fires. Additionally, 
grazing by domestic cattle and sheep have undoubtedly effected 
the vegetal composition (Potter, manuscript). 
Weather stations were located ca. 35 m north of the Meadow 
macroplot and between Fir and Spruce-Fir community types, ca. 30 
14 
m west of the Fir macroplot. Weather and climatic data for this 
area has been analysed in Schimpf, et tl• (1980). A weekly summary 
of temperature and precipitation for these stations was used to 
calculate a Thornthwaite and Mather (1957) type water balance 
for the 1976 and 1977 snow-free seasons. Computations for 1977 
are given in Appendix G. Maximum available soil moisture (~) 
for each seral ensemble was empirically determined by: 
j 
X = L 
i=l 
d .k .p. 
1, 1, 1, 
d -~ k where i = depth of 1, horizon in mm, i = mean available 
( .th water holding capacity as percentage of depth) for the 1, 
(1) 
horizon 
1 
and a given texture class , p. = percentage of gravel, cobbles, 
1, 
and/or stones, and j = number of horizons in which any size class 
1 Silt loam= 23.4%, sandy clay loam= 20.4%, and loam = 19.1% 
(after Longwell, et al., 1963). 
of roots are "common" (Table 1 and Schimpf, et al., 1980 (Table 
8)). Field capacities were calculated to be 75 mm in the Meadow, 
36 mm in Aspen, 65 mm in Fir, and 90 mm in Spruce-Fir. 
Seasonal curves for weekly actual evapotraspiration (AE) 
during both 1976 and 1977 is shown in Figure 2. The outstanding 
feature of the 1977 water year was a severe drought characterized 
by an unusually shallow snowpack (see Schimpf,~ al., 1980 
15 
(Figure 9)), early snowmelt, and a poor distribution of precipitation 
during the growing season. Meadow and Aspen snowmelt (date at which 
less than 10% snow cover remained) occurred on 21 April 1977, 41 
days earlier than in 1976 (Figure 2). This contributed to early 
soil moisture utilization and low AE during the warmest period 
of the season. Total AE for 1977 (vs. 1976) were as follows: 
171 mm in Meadow (vs. 192 mm or -11%), 125 mm in Aspen (vs. 189 mm 
or -34%), 161 mm in Fir (vs. 17} mm or -9%), and 182 mm in Spruce-Fir 
(vs. 195 mm or -7%). The shallow, droughty soils of the Aspen ensemble 
was nuch more susceptible to the drought than were the other 
three ensembles. 
Exclosed macroplots (sampling grids plus buffer areas) 
were established in 1975 in a variety of seral ensembles in the 
School Forest. Figure 3 shows the locations of seventeen such 
macroplots. Each macroplot consisted of a 20 x 25 m grid containing 
500 alpha-numeric plot coordinates (Figure 4) with ca. 5 m buffer 
areas outside the grid. Gridding was accomplished with twine. 
Four such macroplots (coded as "T" in Figure 3) were selected 
for study along a topographic gradient in the "Big Meadow" area 
16 
,,-
Figure 2. Seasonal course of actual evapotranspiration for 1976 andl977 in the four seral 
ensembles. Calculations based on empirical method of Thornthwaite and 
Mather (1957). Lettered arrows indicate dates of first and last frosts for 
both years. 
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Figure 3 o Composite photograph of U. S. G. S. Headowville, Utah 7½' 
quadrangle and a 1963 aerial photograph of the "Big Meadow" 
areao "Big Meadow" is the large open area in the lower left 
quadrant of the photograph (NW½;, SW½;, seco 15). I mages were 
accurately superimposed in this area onlyo Checke r board box 
patterns show locations of established macroplots; sites rel-
evant to this study are marked by "To" The single dashed 
line running through "Big Meadow" and continuing northeast 
(geographical north at top of Figure) is Jebo Creek Trail. 
It roughly parallels Jebo Creek from Aspen plot "T" down-
stream. Contour interval= 40 feet. Scale 1:7200 
( 
19 
20 
Figure 4. Coordinate system used in each macroplot for selecting computer generated random 
plot locations. Each 1 m-2 plot location selected was further subdivided (as 
shown by blowup diagram) into clusters of four 1 x 2 ft. quadrats. 
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{SW¼, sec. 15, T. 13N., R. 4E.; Salt Lake Principal Meridian). 
These represent four community types: Cinquefoil (Potentialla 
arguta var. convallaria)-Skyrocket gilia (Gilia aggregata) meadow, 
Quaking aspen, Subalpine fir, and Engelmann spruce-Subalpine 
fir. Lodgepole pine dominated communities were present, but 
not studied. 
Exclusion of native and domestic _herbivores was attempted 
on all the macroplots through use of barbed wire, fencing, screen, 
and sheet metal flashing (Figure 5). Nonexcludable herbivores 
(~, tree dwelling mammals) and detritivores were controlled 
beginning in 1976 through snap trapping and periodic application 
-1 R 
of ca. 1.2 1 ha of lindane (Isotox, Chevron Chemical 
-1 Company, San Francisco, California) and 136 kg ha of an 
R . 
aldicarb pesticide Temik (Union Carbide Corporation, Salinas, 
California). 
Meadow 
"Big Meadow" is a 19.4 ha forest opening at the headlands 
of the vernal Jebo Creek (Figure 6). Site aspect is north-northeast 
and there is a 838 m gradient running from 2603 m to 2536 m 
above sea level (8% slope). The meadow is characterized by 
numerous Abies lasiocarpa islands which show heavy layering 
reproduction. The understory of these islands are one of the 
few habitats for shrubs in the School Forest. 
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Figure 5. Fencing design used for exclusion of herbivores and 
detritivores from within the macroplots. Indicated heights 
are generalized due to variations in depths to which material 
could be buried in the soil. An additional four inches at 
the top of the hardware cloth (diagonally lined pattern) and 
flashing (cross-hatching pattern) were bent downwards 135°. 
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Figure 6. Photograph of the study sites as viewed approximately 70 meters southwest 
of the Meadow macroplot and looking north towards the Aspen, Fir, and Spruce-
Fir macroplots (far right). Structure in center of photograph is the 
meadow weather station which was placed atop a raised platform to protect 
it from deep winter snowpacks . Eviden t in this photograph are the sub-
exposed boul ders which are frequent in "Big Meadow." Photographed 19 August 1978. 
,. 
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A seep with a distinct localized flora (see Appendix C, Table 
12) is located upslope ca. 230 m southwest of the investigated 
macroplot. It drains into a shallow channel, branches, and 
flows within 5 m of the northwest corner of the macroplot. 
Here it continues northeast towards the meadow-aspen ecotone at 
the established Aspen macroplot. Output from the seep is not 
sufficient to cause water flow more than a dozen meters from 
the source. Normal (~, 1976, see Schimpf, et al., 1980) 
snow pack is sufficient, however, to result in a continuous 
flow during and shortly after snowmelt. 
Silt deposition is evident on terraces along Jebo Creek 
and is considered evidence that substantial erosion has occured 
in "Big Meadow". The "Big Meadow" area is a U.S. Forest Service 
cattle allotment leased to the Cook family of Meadowville, Utah. 
Given the history of overgrazing and subsequent soil erosion 
which has been documented in Utah (Cottam, 1947), it is likely 
that this area has been overgrazed in the past. However, Potter 
(manuscript) did not mention any deteriorated range - in his recon-
naissance of T. 13N., R. 4E. 
A pedon description titled "Big Meadow (Meadow A)" is given 
in Table 8 of Schimpf, et al. (1980). It is based on the profile 
from a pit dug within 5 m south of the southeast corner of the 
Meadow macroplot. 
Aspen 
Narrow (15 to 20 m wide) strips of Populus tremuloides 
forest occur frequently along the margins of "Big Meadow". 
Current levels of ungulate browsing are apparently insufficient 
to prevent vigorous sucker establish ment in some of the stands. 
This is especially characteristic of the meadow-aspen ecotone. 
In rocky ecotones, however, little suckering was noted. 
As previously described, meadow runoff flows across a rocky 
ecotone on the south axis of the established Aspen macroplot. 
The shallowest soils in the School Forest (between Oto 20 cm 
at maximum) are encountered here. 1 A number of taxa which 
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were not found elsewhere in the School Forest, have become established 
in or near to this wash (see Appendix C, Table 12). 
An apparent gradient of the dominant vegetation occurs 
south to north across the macroplot. Basal area of Populus 
treIJDJloides increases across the gradient with an eventual understory 
of Abies lasiocarpa on the south boundary (Figure 7). Thus, 
the macroplot is quite heterogeneous. 
Selected characteristics of the tree synusia are given in 
Table 1. A pedon description titled "Big Meadow Aspen (Aspen 
A)" is given in Table 8 of Schimpf, et al. (1980). It is described 
for a pit dug ca. 25 m from the northwest corner of the sampling 
grid. 
1 Used in preference to "species" since determinations 
were made in some cases to a subspecific level. 
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Figure 7. Photograph of the Aspen macroplot taken near the southwest 
(me a dow) corner of the sampling grid. Note the open nature 
of the canopy in the foreground, with an increasing number 
of trees through the center, and the invasion of Subalpine 
fir at the north border. Photographed 19 August 1978. 

Table l. Selected characteristics of the tree synusia in the 
three forested macroplots. (Unpublished data of J.A. 
Henderson, S. E. llilliams, and G. L. Zi mmermann). 
Seral ensemble 
30 
Character Aspen Fir Spruce-Fir 
Oldest tree (YEj•) 87 206 161 
Biomass (kg/ha ) 
Bole and branch 84,000 140,000 92,000 
Leaf 
-1 2,320 14,080 10, 180 Necromass (kg ha ) 
Downwood 18,494 55,207 24, 711 
Litter and 1uff_ 1 2,871 58,575 71,245 Basal area (m ha ) 
Aspen 26.67 o.oo 0.21 
Fir 1.42 31. 58 8.01 
Spruce o.oo 15.97 20.01 
Lodgepole o.oo o.oo o.so 
Fir 
The Abies lasiocarpa-dominated ensemble is characterized by 
a locally unique understory of Rudbeckia occidentalis (Figure 
8). This plant dominates the central and west central portions 
of the macroplot where an opening ~n the forest canopy occurs. 
T.W. Daniel (personal communication) observed in the late 1950's 
the concurrent establishment of~ occidentalis in upper "Big 
Meadow" and on this site. He attributed its presence to fecal 
dispersal by cattle. The author was unable to locate a similar 
Rudbeckia-dominated understory in any other fir stand on or 
near the School Forest. Extensive R. occidentalis understory 
is present in aspen downstream along Jebo Creek. It probably 
provided the seed source for the "Big Meadow" area. 
A soil pit was dug along the east axis of the macroplot to 
provide insight into the unique vegetal composition of this 
ensemble. These data are summarized in Table 2. Significant 
were the higher percentages of clay in the surface horizons and 
the apparently greater depth of the soil profile (c.f., Schimpf, 
et al., 1980). This macroplot is dissected by the vernal stream 
channel which drains the meadow seep previously described. The 
stream gradient decreases to a terrace on the macroplot. This 
terrace is primarily due to an erosion resistant rock wall ca. 
31 
5 to 15 m east of the macroplot where the stream channel cascades 
to Jebo Creek. It is conceivable that a deposition of clay has 
occurred on this site due to stream terracing. This is reinforced 
32 
Figure8. Photograph of vegetation characteristic of the Fir ensemble. 
View is of an area immediately adjacent to the west boundry 
of the Fir rnacroplot, Note extensive understory of Rudbeckia 
occid entalis var. occidentalis which dominates under canopy 
openings. Photographed 19 August 1978. 
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Table 2. Physical and chemical characteristics of a pedon from the 
Fir macroplot. Roots: f=few, c=common; vf=very fine, 
f=fine, m=medium, c=coarse. 
Percent Cation 
sand, Percent exchange 
Depth silt, coarse capacity 
(cm) clay fragments Texture pH (meq/100 g) Roots Charcoal 
0-9 36 20 gravel loam* 5. 7 23.1 cf no 
45 cvf 
19 cm 
9-29 36 35 gravel loam* 5. 7 20.0 cf yes 
43 cvf 
21 fm 
fc 
29-54 43 40 gravel loam 5. 8 12.9 cf no 
38 5 cobbles cvf 
19 
54-93 56 40 gravel sandy _ 5. 7 9. 1 ff yes 
29 5 cobbles loam fm 
15 
93+ 58 45 gravel sandy 5.6 10.9 ff no 
29 loam fm 
15 
*Organic matter interference. 
by the high silt percentage (56%) in the surface horizon of a 
pedon sampled where the terracing begins (see "Big Meadow Fir 
(Fir A)," Table 8, in Schimpf, et tl•, 1980). Silts would be 
expected to settle out of the spring run-off faster than clays 
as the stream gradient weakens. Selected characteristics of 
I 
the overstory synusia are given in Table J. 
Spruce-Fir 
The Picea engelmannii-Abies lasiocarpa ensemble (Figure 9) 
35 
is characterized by a drainage depression running from the southwest 
to the northeast across the macroplot. Its gradient is relatively 
uniform, in contrast to the terraced chatinel previously described. 
This depression seperates a predominately fir-aspen northern 
third of the sampling grid from_the mixed spruce-fir southern 
two-thirds of the grid. Selected characteristics of the overstory 
vegetation are given _in Table 2. Boulders are exposed in all 
quadrants of the sampling grid, except the southwest. 
A pedon description titled "Big Meadow Spruce-Fir (Spruce-Fir 
A)" is given in Table 8 of Schimpf, et al. (1980). It is based 
on a pit dug ca. 30 m west of the macroplot. This pedon is 
distinguished by a coarse sandy clay loam at depths greater 
than 47 cm. It should not be considered characteristic of the 
Spruce-Fir ensemble which has shallower soils. No soil pit was 
dug nearer to the macroplot. 
Data Collection 
Net aboveground community standing crop (NCSC) (Step 1, Figure 10) 
refers to tne current year's yield of both photosynthetic biomass 
36 
Figure 9. Photograph of the Spruce-Fir ensemble looking north from the 
center of the south macroplot boundry. The ground is char-
acteristically rocky with a deep litter layer. Litter traps 
in foreground are from a study of tree litter accumulations 
(Williams and Henderson, . unpublished data). 
Photographed 19 August 1978. 
( 
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Figure 10. Flowchart of the field and data analysis procedures. Squares 
and rectangles represent raw (input) data and/or processes. 
Document symbols represent proc essed (output) data and 
rho mboides represent input data secondary to the study. 
Steps are referenced by number in text. 
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and any accumulated necromass for all taxa within a particular 
ensemble. It was sampled only on a particular date and included 
an estimate of loss to herbivory (Westlake, 1963; Barrett, 1968). 
These data were estimated for each of the serally stratified 
ensembles in five to six unequal intervals over the course of 
the 1977 snow-free season. Table 3 lists the sampling date(s) 
corresponding with each periodic sampling. 
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NCSC was estimated by double sampling (Cochran, 1977) with 
regression through the origin, using either electronic capacitance 
metering or relative weight estimation as the double sampling 
estimators. The methodology and justification for use of either 
of these estimators is elaborated on in Reese, et al. (1980). 
The particular estimator used in any sampling interval is given 
in Table 3. 
A total of 160 quadrats were sampled in each sampling interval 
for NCSC. A subsample of 40 quadrats were sampled for standing 
crop by taxon (Step 2). Both samples shared the same 10 quadrat 
validation sample (Step 3). In the 40 quadrat sample, the percentage 
contributions by dry weight for each taxon within each quadrat 
was estimated. 
-2 Prior to the first sampling, forty 1 m plot locations, 
each consisting of four clustered quadrats (Figure 1), were 
1 
selected at random from each sampling grid. The first ten 
plot locations (40 quadrats) became the species biomass subsample 
with ten of those quadrats selected as the validation sample. 
This latter sample was chosen to include as nearly as possible 
41 
Table 3. Dates of field sampling and type of double sampling 
estimator used for determination of community standing 
crops in each seral ensemble in 1977. 
Ser al Sampling 
ensemble interval Sampling date(s) 
1 Meadow 
1 Aspen 
F . 3 1r 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
3 Spruce-Fir 1 
2 
3 
4 
5 
April 21 
May 13-15 
June 14-21 
July 17-20 2 August 3-9 
October 29 
April 28 
June 2-7 
June 21-28 
July 26-28 2 August 9-10 
June 8-9 
June 29-July 5 
August 1-3 
August 22-23 
September 21-22 
June 13-14 
July 6-7 
August 2-3 
August 23 
September 21 
Double sampling estimator 
Relative weight estimation 
Relative weight estimation 
Electronic capacitance metering 
Electronic capacitance metering 
Electronic capacitance metering 
Relative weight estimation 
Relative weight estimation 
Electronic capacitance metering 
Electronic capacitance metering 
Electronic capacitance metering 
Electronic capacitance metering 
Relative weight estimation 
Electronic capacitance metering 
Electronic capacitance metering 
Electronic capacitance metering 
Relative weight estimation 
Electronic capacitance metering 
Relative weight estimation 
Relative weight estimation 
Relative weight estimation 
Relative weight estimation 
1 
2snow-free period: April 21 to November 5. Harvested quadrats were reclipped on August 24 to determine regrowth 
3 after heavy (12.7 cm) precipation of previous week. Snow-free period: May 3 to November 5. 
the full range in biomass for all the taxa within the ensemble. 
Additionally, an attempt was made to include those quadrats 
which had the greatest number of taxa. This insured the largest 
number of {x,y} pairs in each individual taxon double sampling 
regression. 
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In subsequent samplings, an additional 10 random plot locations 
were added to the sample. These replaced the ten which were 
destructively sampled for method validation. Thus the list of 
sampled plot locations continually advanced, removing 10 locations 
from the top of the list and adding 10 locations to the bottom. 
This procedure allowed for repeat sampling of 75% of the quadrats 
from one sampling to the next. It minimized potential differences 
in NCSC attributable to anomalies in quadrat coverage in the 
ensemble. It did not, however, insure the same consistency for 
individual taxon biomass estimates, since 100% of these quadrats 
were replaced. 
A plethora of independently derived double sampling statistics 
are in the literature (~, Wilm, et al., 1944; Bose and 
1 E.C. Pielou (1975) argues that randomly locating quadrats 
does not insure random sampling. Additionally, the ensemble of 
individual plants nrust be randomly distributed in space such 
that there is an equal probability of sampling any particular 
individual. Hence, the variances calculated in this work are 
potentially biased as opposed to those obtained when the variance 
estimator for systematic sampling (Mendenhall, et al., 1971) is used. 
Gayen, 1946; National Academy of Sciences and National Research 
Council, 1962; Cochran, 1963, 1977; DUBSAM program in Currie, 
et al., 1973; Tenenbein, 1974; Tadmor, et al., 1975; Haydock 
and Shaw, 1975). This has resulted in statistical estimates not 
directly comparable with other studies. Appendix D summarizes 
an attempt to integrate recent statistical literature on double 
sampling and provide working equations for this thesis. Readers 
are referred to Appendix D for a procedural outline of data 
processing in double sampling. 
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Vegetation was harvested (Step 3) by three-dimensionally 
clipping (Currie, et al., 1973), to ground level, all biomass 
attributed to current year growth. This included current year 
necromass, which was subjectively separated in the field from 
previous year's necromass on the basis of color, and in especially 
fiberous taxa, the degree of fragmentation. In many of the taxa 
encountered, fragmentation occurred within a few weeks (days?) 
after senescence and became indistinguisable from previous year's 
necromass. Hence, some weights are likely underestimates of 
necromass. 
Despite the elaborate design for excluding herbivores from 
the macroplots, evidence of some grazing was noted. To permit 
the estimation of gross aboveground community standing crop 
(GCSC), estimates by taxon of the percentage of total photosynthetic 
biomass grazed were made (Step 4). Mean losses were calculated 
by taxa (Step 11) and those weights were added to both directly 
sampled GCSC and standing crop by taxa (Step 15). 
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All clipped material was bagged by taxon and dried in a 
0 forced air oven at 70 for at least 48 h (Step 5). Weighing was done 
on an analytical balance with weights recorded directly on coding 
forms to 0.001 g accuracy for those weights less than 1.0 g and 
to 0.01 g for those greater than or equal to 1.0 g. Care was 
taken to exclude all non-organic matter from the contents of 
each bag. Current year necrornass (when present) was seperated 
from photosynthetic biomass in the laboratory and weighed seperately. 
Floristic determinations were made from a variety of treatments, 
including: Cronquist (1955); Hitchcock, et al. (1959, 1969); 
Cronquist,~ al. (1972, 1977); Dorn (1977a, 1977b); Colson 
(1975); Welsh and Reveal (1977), Welsh (1978), and numerous 
monographs. Nomenclature follows Cronquist, et al. (1972, 1977) 
and Holmgren and Reveal (1966). Changes were made when justified 
by recent monographs, voucher annotations, or when suggested by 
A. H. Holmgren (personal communications). 
Subspecific determinations were deemed important since 
morphological variants were detected for some species. These 
variations coincided with changes in habitat occurring between 
seral ensembles. Additionally, varietal and subspecific determinations 
are often necessary when comparing species composition data to 
studies done in other floristic regions. 
Every group of four quadrats were photographed to aid in 
the later determination of unidentified taxa. Examination of 
R Kodachrome 25 transparancies at lOOX magnification (yielding 
ca. 3.8:1 reproduction) insured determination to species of all 
unknown taxa encountered in this study. 
Data Processing 
Keypunching was verified verbally by workers familiar with 
the data (Step 6). All data were screened through a set of data 
checking programs written specifically for this purpose (Step 
7). L,V'" These programs served to detect anticipated errors prior 
ft 
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to analysis. Furthermore, scatter diagrams of each of the 387 
double sampling regressions were analysed for outliers. Corrections 
were made only when inadvertant errors were present. 
All major analyses were executed using either the Burroughs 
B6700 computer facility at Utah State University, or on Texas 
Instruments SR-52 and TI-59 programmable calculators. These 
calculators were used to compute diversity indices using magnetic 
card entry, and to field check relative weight estimations for 
summation to 100%. All calculator programs were written by the 
author. 
NCSC as well as individual taxon regressions (Steps 8 and 
9) were computed using regression through the origin due to 
both .e. priori and computational reasons. Since negative standing 
crop is undefined and zero relative weight estimation or zero 
capacitance meter readings are by definition equal to a standing 
l 
crop of 0.0, the first order regression model is appropriate. 
1 Some difficulty was encountered in obtaining zero meter 
readings on unvegetated quadrats (see Reese,~ al., 1980). 
Additionally, negative intercepts would preclude the procedure 
described in Step 9. 
Regression equations were seperately computed for each 
sampling interval in each seral ensemble. Validation sample 
weights were computed as the sum of the weights of all the taxa 
in each quadrat. Statistical procedures are outlined in Appendix 
D. 
Individual taxon regressions were based on a two-stage 
sampling procedure. The percentage contributions by weight for 
each taxon within each quadrat were multiplied by the predicted 
weight for the total vegetation wi .thin each quadrat. The later 
were estimated from the NCSC double sampling regression equation. 
This procedure can be shown mathematically as: 
x .. =p .. (YT) (2) 
1,J 1-J j 
where xij is . the estimated weight of the i th taxon in the j th 
quadrat, 'pij is the estimated fraction of the total biomass 
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• th . th 
contributed by the 1, taxon and the J quadrat, and YT. is the sum 
J 
of the actual clipped weights for each taxon in quadrat j. In 
two-stage estimation: 
y "' T. 
J 
f T. 
J 
where tT. is the predicted total quadrat biomass obtained from 
J 
the NCSC double sampling regression. 
Mean current year necromass was determined by taxa for 
(3) 
each sampling interval and seral ensemble and based on then m 10 
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validation sample (Step 10). These data were used to simplify 
-1 
calculation of mean photosynthetic biomass day (Steps 14, 16, and 
17). -1 Estimation of mean standing crop day , a term which includes 
current year necromass, would have entailed determining to varietal 
level all such necro~~ss harvested on the last day of the growing 
season. It is doubtful that such a task could have been accomplished, 
irrespective of the question of accuracy of the data. 
The intermediate data obtained from HERBIOMASS1 (Step 13, 
data in Appendix C, Tables 13 to 16) were recorded on magnetic cards 
(Step 12) for subsequent analysis in the TI-59 calculator. Magnetic 
card entry of data assured the accurate computation of dominance 
and diversity indices. 
Growth curves were determined by fitting linear regression 
equations to changes in photosynthetic biomass between each sampling 
date. The limits on each equation were defined as either a) the 
mean date of sampling interval i (minimum limit) to the date prior 
to the mean day of sampling interval i + 1 (maximum limit), or 
b) the date midway between sampling intervals i and i + 1 to the 
date prior to i + 1 for cases where the biomass at date i = 0.0 
(appearance), or c) the mean date of sampling interval i to the 
date midway between sampling intervals i and i = 1 for in cases 
where the biomass at date i + 1 = 0.0 (disappearance). Mean 
1FORTRAN IV program written by Robert L. Bayn, Jr., DepartmPnt 
of Biology, Utah State University, Logan. 
photosynthetic biomass per day were determined for each taxon in 
each seral ensemble by: 
d i day -l = (I Y. )fd (4) 
i =l 1, 
where r. is the predicted biomass on day i and dis the number 
1, 
of snow-free days in 1977 (200 for Meadow and Aspen, 187 for Fir 
and Spruce-Fir). 
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The studies of Singh, et al. (1975) and Kelly, et al. (1976) 
have focused attention on the importance of computational methods 
in assessing net primary production. Traditionally, net primary 
production has been expressed as peak or terminal standing crop 
(Step 17a). The former index (Hadley and Keckhefer, 1963; Kucera, 
et al., 1967) is suitable only for comparisons among comnrunities 
with relatively homogeneous vegetal composition and dynamics. 
As phenologies of the taxa diversify, as may occur with an increase 
in the richness component of diversity, underestimation of standing 
crop increases (Odum, 1960; Malone, 1968). Additionally, prediction 
of community peaks is subjective and likely can only be determined 
ex post facto. Terminal standing crop (Bray,~ al., 1959; 
Hadley and Buccos, 1967; and Malone, 1968), especially when it 
includes current year necromass, is more comparable between 
diverse comnrunities. Here the true community peak would theoretically 
be und_erestimated only if there were losses due to disappearance. 
A seemingly ideal approach is to sum the peak standing 
crops of each individual plant, accounting for phytomass lost 
to herbivory and litter (Bradbury and Hofstra, 1976) prior to 
" 
that date. A realistic approximation to this approach is to 
sum the peak standing crops of each individual taxon (Odum, 
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1960) (Step 17b). Lau/ enroth, et al. (1975) have (statistically) 
simplified this procedure by summing the peaks of each functional 
or phenologic group. These indices are, however, based on a 
single dimensional measure - magnitude - and fail to take into 
account the residence time of taxa over a season. ·An apparently 
definitive measure of primary production is to sum the mean 
daily standing crops of all taxa in the community (Reese and 
West, 1980) (Step 17c). 
The diversity indices used in this research where chosen 
based on one or more of the following criteria: a) they were 
believed to be the least sensitive to sampling error (viz. Hurlbert, 
1971; Whittaker, 1972; DeBenedictis, 1973; Hill, 1973; Peet, 
1974 and 1975; Pielou, 1975; and Routledge, 1979), b) they could 
easily be corrected for bias, c) they are in common use in current 
literature, and d) together they provide two alternative measures 
of each of Peet's (1974) components of diversity. The richness 
indices selected (Steps 19a, b) include the total number of 
taxa samples (s) or collected (s*) and the mean number of taxa 
per quadrat (d) (Whittaker, 1975). Heterogeneity indices (Steps 
19c, d) include Shannon-Wiener's H' (Shannon, 1948) and Simpson's 
(1949) ). • Equitabilty indices (Steps 19e, f) include Pielou 's 
(1966) J' and Whittaker's (1972) E. A discussion of computing 
C 
fornulas and index variations for the four heterogeneity and 
equitability indices can be found in Appendix A. 
so 
Two similarity indices (Step 18) were used to compare floristic 
composition among the seral ensembles. Sorensen's (1948) Coefficient-
of Community measures similarity based on presence and absence 
of taxa only. Presence in the study was define~ as one or more 
occurrences of a taxon in the contiguous seral community (Appendix 
C, Table 12). The Percentage Similarity index of Motyka, et al. 
(1950) measures the biomass shared among the taxa of any two ensembles. 
Mean daily standing crops (Appendix C, Table 12) were used as the 
measure of biomass. These data can be expected to result in an 
underestimate of similarity since they were determined from only a 
single location within each seral community. A few taxa of minor 
importance were never sampled in these ensembles. 
Coefficient of Community was calculated by: 
'2Sab 
cc = ( <.s -+6 ) ) 100 
a b 
(5) 
where · Sa is the number of taxa in sample a, Sb is the number of taxa 
in sample b, and Sab is the number of taxa shared in both samples. 
Percentage Similarity is determined by: 
PS =- 100 (6) 
where na and nb are the dry weights of a given taxon in samples a 
and b, and Na and Nb are total dry weights of all the taxa in 
samples a and b. 
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RESULTS AND DISCUSSION 
Dominance 
The net and gross counnunity standing crops, estimated in each 
sampling interval and seral ensemble, during the 1977 snow-free 
season, are ~ummarized in Table 4. These data do not necessarily 
equal the totals obtained by summing standing crops by taxon in 
Appendix C, Tables 13 to 16. Sample sizes used in determining net 
community standing crops were four times greater than those used 
in determining standing crops by taxon. Hence, the former is 
statistically the most reliable index of dominance calculated in 
this study. 
The first sampling of the year was conducted on 48 quadrats 
in the Meadow ensemble. Reduction of snow cover from 100% to 
r 
40% occured on that site the same day (21 April). Table 4 shows 
~ 
-2 that an average NCSC of 0.800±0.367 gm was present as 
previously developed phytomass. Presumably, the following taxa 
are capable of winter respiration or photosynthesis under snow: 
Gilia aggregata, Bromus marginatus (=~ carinatus), Arabis drummondii, 
Claytonia lanceolata var. lanceolata, Achillea millefolium ssp. 
lanulosa, and possibly Eriogonum heracleoides. The latter taxon 
was represented by a few seemingly evergreen leaves. Standing crops 
u~ 
for each tax 1 are given in Appendix C, Table 13. Since it could not 
be determined with certainty whether any or all of the biomass was 
of 1976 or 1977 origin, it was arbitrarily defined as 1977 production. 
To test whether a carryover of standing crop occurs between 
years, a Meadow sampling location (A-20) was photographed before 
Table 4. Net community standing crops (NCSC) and gross community 
standing crops (GCSC) for each seE_~l s_Eage and sampling 
interval in 1977. Weights in g m ( Y7. ± standard 
Seral 
ensemble 
Meadow 
Aspen 
Fir 
Spruce-Fir 
-1' 
errors). n' = 160, except where footnoted. 
Sampling 
interval 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
l 
2 
3 
4 
5 
NCSC 
o. 800 ± o. 36 7 
5.427 ± 1.133 
50. 809 ± 5. 714 
81. 320 ± 20. 605 
81. 107 ± 10. 397 
17.297 ± 0.581 
1.010 ± 0.343 
9. 845 ± 3. 891 
45.118 ± 6.837 
45. 320 ± 5. 530 
75. 052 ± 8. 548 
12.719 ± 1.484 
44. 655 ± 6. 163 
49.817 ± 11.494 
24. 732 ± 5. 256 
19. 633 ± 5. 327 
4. 443 ± o. 918 
9. 145 ± 1. 623 
16. 253 ± 2. 783 
16. 880 ± 2. 783 
1. 935 ± o. 913 
1 
2No standard errors available: means obtained indirectly. 
GCSC1 
same 
same 
same 
same 
same 
same 
same 
9.941 
45.123 
45.325 
75.072 
same 
same 
49.850 
24.756 
19.634 
same 
9.153 
16.254 
16.346 
7. 961 
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3n
1 
= 48. 
n '= 13. Simple random sample mean (ii) for photosynthetic biomass 
only. 
and after being covered by the more normal winter snowpack of 
1977-78. It was observed that some Gilia aggregata and Arabis 
drummondii rosettes persisted through the winter. Whether these 
rosettes were fall germinated, summer germinated, or perennial 
was not determined. Additionally, living (i.e., green blades) 
of Bromus marginatus were observed under snowpacks when borings 
were taken during invertebrate sampling in Winter 1975-76 (L. 
Bennett, personal communication). Since surface and sub ~surface 
soil temperatures were well below 0°c under the shallow 
snowpack of 1976-77 (Schimpf, et al., 1980), it is possible 
that higher than normal mortality occurred than in 1977-78. 
This would better support the assumption that the standing crops 
present on 21 April 1977 were of current year origirt. 
Primary production in the other three seral ensembles began 
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from initial standing crops of zero. All ensembles had photosynthetic 
biomass at the end of the snow-free season. Only in the Meadow 
-2 
were amounts sufficient (17.297±0.581 gm ) (Table 4) to 
sample. 
. -2 
Approximately 50% (8.130±3.450 gm ) of this phytomass 
consisted of Gilia aggregata (Appendix C, Table 13). This 29 
October 1977 sampling should be considered supplemental since 
only photosynthetic biomass was determined. Differentiation of 
necromass by year of origin or taxon was impossible at that 
date. Photosynthetic biomass in the other seral ensembles consisted 
primarily of widely scattered individuals of Viola sp. 
GCSC in Table 4 were calculated by summing herbivory losses 
as given in Table 5. Note that the percentage of total quadrats 
in which utilization was observed for a particular taxon (i.e., 
• I 
I ' 
Table 5. Standing crop losses to herbivory ~ 1eral stage and 
sampling interval. Weights in gm • 
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Seral ensemble-Sampling interval 
Taxon 2 
Perc~nt 4 Weight Loss Frequency 
Aspen-2 
Agropyron trachycaulum var. latiglume 
Agrostis exarata var. monolepis 
Bromus marginatus 
0.003 
0.016 
0.0002 
0.004 
0.068 
0.004 
0.096 
Erythronium grandiflorum 
Hydrophyllum capitatum var. c. 
Trisetum spicatum ssp. majus 
Aspen-3 
Bromus marginatus 
Poa nervosa var. wheeleri 
Rudbeckia occidentalis var. o. 
Stipa lettermanii 
Aspen-4 
Stellaria jamesiana 
Aspen-5 
Total 
0.0009 
0.003 
0.001 
0.0002 
Total 0.005 
o.oos 
Total 0.005 
Achillea millefolium ssp. lanulosa 
Erigeron speciosus var. macranthus 
Total 
0.011 
0.009 
0.020 
Fir-3 
Arabis drummondii 
Bromus polyanthus 
Rudbeckia occidentalis var. o. 
Senecio crassulus 
Viola nuttallii var. major 
Fir-4 
Arnica cordifolia var. c. 
Aster engelmannii 
Fir-5 
Epilobium lactiflorum 
Spruce-Fir-2 
Arnica parryi 
0.0003 
0.008 
0.008 
0.014 
0.002 
Total 0.033 
o. 014 
o. 011 
Total 0.024 
0.001 
Total 0.001 
0.008 
Total 0.008 
0.25 
12.05 
0.06 
0.86 
36.65 
8.38 
0.97 
0.09 
4.90 
0.06 
0.09 
0.01 
0.17 
0.01 
0.97 
0.04 
0.03 
14-44 
10.56 
0.01 
0.40 
o. 19 
0.06 
9.66 
o. 15 
o. 10 
s. 01 
0.01 
3.79 
0.09 
2.5% 
7. 5 
2. 5 
2. 5 
2.5 
2. 5 
2. 5 
2. 5 
2. 5 
2. 5 
s.o 
2. 5 
2.s 
2. 5 
2. 5 
5.0 
10.0 
1. 5 
2. 5 
2. 5 
2. 5 
2. 5 
55 
Table 5 (continued). 
Seral ensemble-Sampling interval 
Taxon 2 
Percen 3 4 Weight Loss Frequency 
Spruce-Fir-3 
Viola nuttallii var. major 
Spruce-Fir-4 
Hieracium albiflorum 
Pedicularis racemosa var. alba 
Spruce-Fir-5 
Geranium richardsonii 
0.0009 
Total 0.0009 
0.0006 
0.093 
Total 0.093 
0.026 
Total 0.026 
0.59% 
0.01 
3.00 
3.78 
0.63 
39. 96 
0.33 
2.5% 
2. 5 
2.5 
s.o 
1Addition of the weights in this table to those in Tables 13 to 16 
2 yields gross standing crop. . Data significant to three decimal places only. Total may differ 
3 due to rounding errors. Totals represent percent .loss to herbivory for the sum of all the 
4 taxa in that seral stage/sampling interval. Percent of total quadrats in which herbivory for that taxon was 
observed. 
I 
\ 
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frequency) was between 2.5 (for 1) and 12.5% (for 4 quadrats). 
-2 Maximum relative herbivory loss was 39.96% (=0.026 gm ) of 
Geranium richardsonii in the fifth s a mpling of Spruce-Fir. Maximum 
-2 /J.; 
absolute herbivory loss was 0.093 gm (=3.78%) of Pediculari~ 
racemosa var. alba in the fourth sa mpling of Spruce-Fir. The greatest 
-2 loss for all taxa in a single ensemble was 0.096 gm or 0.97% in 
the second sampling of Aspen. No herbivory losses were detected in 
the Meadow. In general, these data were unreliable due to inadequate 
sample size. Hence, net rather than gross standing crop will be 
emphasized herein. 
The seasonal trends in photosynthetic biomass for 1977 are 
illustrated in Figure 11. Values were obtained by subtracting 
current year necromass (Appendix C, Table 17) from the NCSC 
data in Table 4. No data were available from the end of the 
snow-free season to allow plotting standing crops. The Meadow 
exhibited the highest season-long photosynthetic biomass, followed 
by Aspen, Fir, and Spruce-Fir respectively. This same order 
was obtained using peak community standing crop (PCSC) (Table 
6). PCSC was not significantly lower (LSD=7.525, P=0.2) between 
Meadow and Aspen, but was significantly lower (LSD=25,235, P=0.005) 
for Fir. The Spruce-Fir PCSC was significantly lower (LSD=33.564, 
p20.001) than that for Fir. 
A shift in order between Aspen and Fir occurred for dominance 
indices based on standing crops by taxon. The sum of the species 
peaks and the sum of the mean daily photosynthetic biomass gave 
-2 -2 the Fir ensemble 4.275 gm (4.3%) and 4.002 gm (20.0%) 
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Table 11. Seasonal course of photosynthetic biomass (net community standing 
crop less current year necromass) for the four seral ensembles over 
the 1977 snow-free season. Curves are hand fit. 
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Table 6. Net standing crops (NSC) and gross standing crops (GSC) as 
measured by three differ~~t indices for each seral ensemble 
in 1977. Weights in gm ± standard errors. 
Seral 
ensembles 
Meadow 
Aspen 
Fir 
Spruce-Fir 
Meadow 
Aspen 
Fir 
Spruce-Fir 
Meadow 
Aspen 
Fir 
Spruce 
NSC 
Peak community standing crop 
81. 320 ± 20. 605 
75.052 ± 8.548 
49.817 ± 11. 494 
16.253 ± 2. 783 
Sum of the species peaks 
156.797 
100. 061 
104.336 
30.369 
Sum of the mean daily photosynthetic biomass 
42.176 
20.036 
24.034 
6.121 
1 
2standard errors not available; means obtained indirectly. Different lower case letters indicate significant differences 
fP<0.005) between means. 
GSC1 
same 
75.072 
49.850 
16.254 
same 
100.175 
104.362 
30. 4 71 
same 
20.081 
24.041 
6.144 
- ( 
greater biomass, respectively, than the Aspen ensemble. These 
differences were relatively small in relation to . sample variances 
for standing crops by taxon and would likely be statistically 
1 insignificant. Differences between Meadow and Aspen/Fir 
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or Aspen/Fir and Spruce-Fir were much greater for both indicies. 
These followed trends established previously for PCSC, emphasizing 
a difference between Meadow and Aspen. 
Shortfalls in peak community standing crop over the weight 
obtained by using sum of the species peaks were evident in each 
seral ensemble. These differences were 48% in the Meadow, 25% 
in Aspen, 52% in Fir, and 47% in Spruce. These data have an 
inverse relationship to the smoothness of the net community standing 
crop curves in Figure 11. As smoothness of the curve increases, 
representing a more equitable distribution of biomass over the 
season, peak community standing crop became a progressively 
poorer estimator of total primary production. 
Figures 12 through 15 represent the seasonal course of photo-
synthetic biomass in 1977 for the dominant taxa in each seral ensemble. 
Dominant taxa are defined here as all taxa which had either the 
highest or second highest photosynthetic biomass in any of the 
sampling intervals (Appendix C, Tables 13 - 16). Curves were 
hand fit in these and similar figures to approximate sigmoid 
curves between sampling intervals. Snow-free days (on the abscissa) 
1 No estimator of variance has been proposed for these indices. 
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Figure 12. Seasonal course of photosynthetic biomass for the dominant taxa in 
the Meadow seral ensemple for 1977. Curves are ahnd fit. ERSPM = 
Erigeron speciosus var. macranthus, POARC = Potentidtta arguta var. 
convallaria, GIAG = Gilia aggregata, and ARDR = Arabis drwrunondii . 
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Figure 13. Seasonal course of photosynthetic biomass for the dominant taxa in the Aspen 
seral ensemble for 1977. Curves are hand fit. ERSPM = Erigeron speaiosus var. 
maoranthw,, LUARR = Lupinus arigenteus var. rubricaulis, RUOCO = Rudbeckia 
ocaidentalis var. occidentalis, HAMI = Hackelia miorantha, and ERHE = 
Eriogonum heraoeoides. 
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Figure 14. Seasonal course of photosynthetic biomass for the dominant taxa in the Fir 
seral ensemble for 1977. Curves are hand fit. RUOCO = Rudbeckia occidentaZis 
var. occidentaZis, BRMA ~ Bromus marginatus, AGTRG = Agropyron trachycauZwn 
var. gZaucwn, ASEN= Aster enge"lmannii, LIFI = Ligustiawn fiZiainum, and HAMI = 
HaakeZia micrantha. -
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Figure 15. Seasonal course of photosynthetic biom~ss for the dominant taxa in the Spruce-Fir 
seral ensemble for 1977. Curves are hand fit. ASEN= Aster engelmannii, LIFI = 
Ligustiawn filiainum, PERM= Pediaularis raaemosa var. alba, SECR = Seneaio 
arassulus, and STJA = Stellaria jamesiana . 
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may be converted to either Gregorian or Julian days by using 
the table in Appendix E. 
Conspicuous in the Meadow curves (Figure 12) is the high, 
narrow growth curve for Erigeron speciosus var. macranthus. 
This taxon bloomed and senesced within a period of approximately 
two months. It preceeded its peak bloom in the Aspen ensemble 
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by 22 days (compare Figure 13). In both ensembles it was an 
indicator of peak community standing crop. Curves for Potentilla 
arguta var. convallaria, Gilia aggregata, and Arabis drummondii 
were, in contrast, expanded in breadth with photosynthetic biomass 
present over much of the snow-free season. This resulted in 
both Potentilla and Gilia having higher mean daily photosynthetic 
· -2 -1 biomass (12.207 and 6.878 gm day , respectively) than Erigeron 
-2 -1 (6.519 gm day ) (Appendix C,· Table 12). In contrast, peak 
-2 
standing crops for these taxa were 60.220±23.911 gm (~ speciosus 
-2 
var. macranthus), 22.928±4.631 gm (R.!_ arguta var. convallaria), and 
-2 12.873±2.374 gm (~ aggregata) (Appendix C, Table 13). 
The apparent stagnation in Aspen herbaceous standing crop (Table 
4) and photosynthetic biomass (Figure 11) between the third and 
fourth sampling intervals was in part an artifact of the quadrat 
coverage. Figure 13 shows biomodal growth curves for Eriogonum 
heracleoides, Rudbeckia occidentalis var. occidentalis, and 
Lupinus argenteus var. rubricaulis. Dual peaks in standing 
crop or photosynthetic biomass were not observed for these taxa 
during sampling. They have an aggregated distribution in the 
macroplot and did not receive adequate quadrat coverage in the 
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fourth sampling interval. It should be noted, however, that the 
flowering phenology of the ensemble did consist of two peaks. 
Plants in the open, Meadow-like portion of the macroplot generally 
flowered earlier than did those in the understory. Had sep a rate 
growth curves been constructed for both of these areas, they 
likely would have resembled two offset and unequal magnitude 
Gaussian curves. The Aspen understory growth curve in Figure 
11 resembles a union of two such curves. 
Comparison of Figures 2 and 11 supports a second explanation 
of the mid-season stagnation in Aspen understory production. 
During this period available moisture storage, as determined by 
the Thornthwaite and Mather (1957) water balance (Appendix G), 
fell to 2 mm. Hence, the ensemble was under severe drought 
stress at this time. However, increased production between days 
100 to 110 was not accompanied by a concurrent increase in precipitation 
or actual evapotranspiration. This interesting anomaly serves 
to illustrate the limitations of using the water balance as a 
sole explanation of variations in primary production. In the 
Aspen ensemble, Erigeron speciosus var. macranthus had the highest 
-2 -1 
mean daily photosynthetic biomass (5.146 gm day ) (Appendix C, 
Table 12) as well as the greatest peak standing crop (20.942±6.576 
. -2 
gm ) (Appendix C, Table 14). Lupinus argenteus var. rubricaulis 
-2 -1 -2 had less than half that biomass (2.594 gm day and 9.801±4.608 gm ) 
-2 despite the third highest peak standing crop (9.675±4.119 gm )• 
In the Fir ensemble (Figure 14) biomodal growth curves for 
Rudbeckia occidentalis var. occidentalis and Aster engelmannii are 
' 
. I 
I 
! 
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also artifacts of inadequate quadrat coverage. Both taxa occupied 
contrasting habitats in the macroplots. Openings in the fir 
canopy, with a Rudbeckia dominated understory, were more heavily 
sampled in the second and fifth sampling intervals. Closed 
canopy areas, with Aster in the understory, received more intensive 
quadrat coverage in the fourth sampling. Peak community standing 
crop occurred in the third sampling when Bromus marginatus was 
dominant. No unambiguous indicator of peak community standing 
crop was apparent, however. 
The highest mean daily photosynthetic biomass was determined 
· -2 -1 for Rudbeckia occidentalis var. occidentalis (6.293 gm day ), 
~2 -1 followed by Brolll.1s marginatus (2.447 gm day ), and Achillea 
-2 -1 
millefolium ssp. lanulosa (1.978 gm day ) (Appendix C, Table 12). 
Peak standing crop yielded the same order of importance with R. 
-2 
occidentalis var. occidentalis (17.765±5.770 gm ) first, followed by 
-2 ~ marginatus (14.109±6.128 gm ) and~ millefolium ssp. lanulosa 
-2 (11.010±3.859 gm ) (Appendix C, Table 15). 
Peak community standing crop occurred in the fourth sampling 
interval of the Spruce-Fir ensemble (Table 4). This represented 
the latest peak for any of the four seral ensembles and corresponded 
with peak standing crop in Aster engelmannii. This species 
would appear to be a good indicator of PCSC (Figure 15), It 
had, however, a protracted period of flowering which was not 
reflected by the population within this macroplot (Bayn and 
West, unpublished data). No other taxa were observed to have 
flowering corresponding to PCSC. 
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-2 Peak standing crops for the dominant taxa were 9.383±3.602 gm 
-2 . 
for Aster engelmannii, 2.590±1.456 gm for Senecio crassulus, and 
-2 -2.499 gm (no standard error available) for Ligusticum filicinum 
(Appendix C, Table 16). ~ engelmannii was the dominant using mean 
-2 -1 daily photosynthetic biomass (1.584 gm day ), however, Stellaria 
-2 -1 jamesiana was the second ranked (0.629 gm day ) due to its long 
persistence in the ensemble. S. crassulus was nearly as dominant with 
-2 . -1 0.624 g day (Appendix C. Table 12). 
As Figures 12 through 15 illustrate, plant composition as 
measured by photosynthetic biomass was quite variable over the 
snow-free season. Changes in the two most abundant taxa (codominants) 
occurred repeatedly during the season. These shifts are illustrated 
by segmented, chronological dominance bars in Figure 16. Nine 
shifts occurred in 1977 in all the seral ensembles except Spruce-Fir, 
where twelve shifts occurred. While these dominance bars are 
-
subject to sampling and graphical errors, they serve to stress 
the point that sampling dominance and diversity on a single 
date results in data which are an artifact for that date only 
(Reese and West, 1980). 
Sampling at the time of peak community production resulted 
in the following co-dominants for each seral ensemble: 
Meadow 
Potentilla arguta var. convallaria 
Gilia aggregata 
Asp~ 
Erigeron speciosus var. macranthus 
Lupinus argenteus var. rubricaulis 
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Figure 16. Residence time for different pairs of co-dominant taxa in the four seral 
ensembles in 1977. Each bar represents the period of time a particular pair 
of taxa dominated the ensemble. New bars indicate a shift in co-dominance. 
Data taken from curves in Figures 11 to 14. 
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Ligusticum filicinum 
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This method of sampling ignores taxa which had peaks at times 
other than on the sampling date. Using sum of the species peaks, 
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a single dimensional measure which uses the maximum biomass 
occurring during the season, the codominants for the Aspen ensemble 
remained the same, but the other three seral ensembles changed 
as follows: 
Meadow 
Erigeron speciosus var. macranthus 
Potentilla arguta var. convallaria 
Fir 
Rudbeckia occidentalis var. occidentalis 
Bromus marginatus 
Spruce-Fir 
Aster engelmannii 
Senecio crassulus 
Reference to the seasonal photosynthetic biomass curves for 
Meadow and Spruce-Fir ensembles (Figures 12 and 15) shows the 
limitation to the sum of the species peak method. Taxa identified 
as codominants by this method were not necessarily the same 
taxa that showed large areas beneath their growth curves. Alternately 
speaking, these taxa may have bloomed quickly and just as quickly 
disappeared. They could be considered false dominants in the 
sense that their residence time is short. This limitation can 
be COJll>ensated for through the use of mean daily biomass as the 
measure of biomass. Using this index;-~pen and Fir remained 
unchanged, but Meadow and Spruce-Fir co-dominants shifted as 
follows: 
1 Meadow 
Potentilla arguta var. convallaria 
Gilia aggregata 
Spruce-Fir 
Aster engelmannii 
Stellaria jamesiana 
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Classic Gaussian replacement curves, over the Meadow to Spruce-Fir 
sere hypothesized by Schimpf, et al. (1980), are evident for 
. 
the codominant taxa in Figure 17. One species, Stellaria 
jamesiana, exhibited a ubiquitous, monotonic curve through the 
sere. This species is a rapid colonizer of disturbed sites in 
all the seral stages. It is one of the first taxa to break the 
alleopathic controlled dominance of Madia glomerata (Parker, 
1949-50) in heavily grazed meadows of the School Forest. Two 
taxa of lesser abundance, Achillea millefolium ssp. lanulosa 
and Arabis dummondii, were also ubiquitous across the sere, 
although with less monotonic curves than S. jamesiana (Appendix 
C, Tables 13 to 16). 
It is difficult to assess the effects on primary production 
from the 1977 drought year, ~ithout the availability of seasonally 
integrated data on standing crops. Data collected by the author 
in 1976 was not repeated often enough to permit seasonal integration. 
Direct data comparisons may be made, but these are of little 
meaning due to the differing phenologies of the plant ensembles 
1 Same as at peak community production. 
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Figure 17. Gradient analysis of dominant taxa over the Meadow to Spruce-Fir sere as 
hypothesized by Schimpf, et al. (1980). Distance between seral ensembles 
are equivalent for graphical simplicity only. Data includes the co-dominant 
taxa (based on mean daily photosynthetic biomass) from each seral ensemble. 
Curves are hand fit. POARC = Potentilla arguta var. convallaria, GIAG = 
Gilia aggregata, BRMA = Bromus marginatus, ERSPM a Erigeron speciosus 
macranthus, LUARA = Lupinus argenteus var. ru.bricaulis, RUOCO = Rudbeckia 
occidentalis var. occidentalis, STJA = Stellaria jamesiana, and ASEN= 
Aster engelmannii. 
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between the two years. Perhaps the best available comparison is 
to examine rnaxinrum photosynthetic biomass obtained for the same 
ensembles in 1976 and 1977. 
Maximum photosynthetic biomass (± st. error) for the four 
ensembles during 1976 were as follows: Meadow= 112.47±46.04 g 
-2 -2 
m on 17 August, Aspen= 79.15±14.00 gm on 5 August, 
Fir -2 = 60.20±12.28 gm on 10 August, and Spruce-Fir 17.16jl.40 
-2 gm on 12 August. Significant differences between 1976 data 
and peak 1977 photosyntheti~ -biomass was evident for the Meadow 
(P~0.00025), Aspen (P=0-075), and Fir (P ~0.0025) ensembles. In 
1976, photosynthetic biomass at time of peak community standing 
crop was a minimum of 31.15 g -2 greater in the .Meadow m 
(+38%), 4.10 g -2 greater in the Aspen (+5%)~ and 10.38 m g 
-2 greater in the Fir (+21%). These differences are not m 
what would be expected from the actual evapotranspiration data 
for these two years, if a relationship between primary production 
and AE was evident. The Aspen ensemble exhibited the greatest 
reduction in AE, as compared to other ensembles for 1976 versus 
1977. Yet, the Aspen ensemble had the smallest difference in 
photosynthetic biomass between the two years. 
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It is possible that the herbaceous plant synusia in these Aspen 
and Spruce-Fir seral ensembles is stable in response to changes in 
moisture regime. Odum (1969) has hypothesized that as ecosystem 
development proceeds, stability or the resistance to external perturbations 
increases. These data would suggest that this trends holds for the 
study site, with the major exception of the Fir ensemble. 
• 
Diversity 
Richness 
Various measures of diversity:richness in each of the 
seral ensembles, for each sampling interval, and for the 1977 
snow-free season as a whole are summarized in Table 7. Total 
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number of taxa (B) were sampled or censused in a number of ways: s 
refers to the total number of taxa sampled within a sampling 
grid (0.05 ha), 'fvis the number censused within a macroplot 
(ca. 0.105 ha) through periodic reconnaissance, s* is the number 
censused within each contiguous community type (i.e., population) 
~ 
in 1975-77, and B,;,- is the number censused within each community 
type in the School Forest during 1975-78. As expected, total 
number of taxa increased as the sampling or census are became 
larger (Vestal, 1949), and periods of observation increase. 
The total number . of taxa sampled in a particular sampling 
interval were always less than the total number sampled within 
the same ensemble for the entire season. This discrepancy amounted 
to 81% of peak richness in the Meadow, 74% in Aspen, 76% in 
Fir, and 60% in Spruce-Fir. As the phenologic breadth of each 
taxon (or the temporal homogeneity of an ensemble) decreased, 
the percentage of taxa in the total flora that were present and 
photosynthesizing at one time .decreased. 
The trend in maximum to minimum richness for all measures 
of B were identical: Aspen to Fir to Spruce-Fir to Meadow (Table 
8). This trend held as areal coverage increased. The generally 
close agreement between B and Bi., shows that the 20o+ quadrat 
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Table 7. Number of understory vascular plant taxa by sample (s ,), 
within macroplot (sw), within contiguous community type 
(&*), within community ty~i in the School Forest 
and by quadrat (s quad rat ) • n = 40~ 
(BV ), 
-
-1 Seral Sar:ipling 8 quadrat 
ensemble interval 8 8lJ s* sv s-
X 
Meadow year long 42 44 47 ss2 NA 
1 6 o. 825 ± o. 192 
2 27 10. 825 ± 0.446 
3 34 13. 462 ± 0.489 
4 28 10. 051 ± 0.380 
51 22 9. 400 ± 0.279 
6 7 2. 600 ± 0.400 
Aspen year long 66 72 81 88 NA 
1 23 2. 750 ± 0.343 
2 37 ll. 390 ± 0.424 
3 49 14. 500 ± 0.397 
4 39 10. 625 ± 0.309 
5 42 8. 825 ± 0.282 
Fir year long 62 65 75 81 NA 
1 36 8. 725 ± 0.636 
2 47 9. 6 75 ± 0.830 
3 40 7. 600 ± 0.100 
4 29 4. 775 ± 0.496 
5 28 3. 375 ± 0.494 
Spruce- year long so 52 57 60 NA 
Fir 1 27 5. 050 ± 0.520 
2 30 5. 225 ± 0.585 
3 30 s. 175 ± 0.447 
4 23 3. 450 ± 0.302 
5 19 2. 250 ± 0.302 
1 13. 2n= 
64 taxa including seep envrions. 
coverage for each ensemble was adequate to sample most rare 
taxa. Many of the additional taxa included ins were actually 
w 
outside the 0.05 ha sampling grid. 
Figure 18 shows the course of richness ~) over the 1977 
snow-free season. V{sual integration of these curves suggests 
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the same trend in diversity as obtained using peaks. An interesting 
comparison can be made between Figures 18 and 11 (reproduced as 
overlay~ Peak diversity occurred before peak photosynthetic 
biomass in every seral ensemble: 31 days in Meadow, 33 days in 
Aspen, 31 days in Fir, and 27 Days in Spruce-Fir. A common, 
generally unstated assumption in dominance-diversity studies is 
that peak diversity is concurrent with peak community production. 
In this study, richness (s) was underestimated by 18% in the 
Meadow, 20% in Aspen, and 15% in Fir at the time of peak community 
standing crop. Richness - (s) in Spruce-Fir remained unchanged 
between the two dates. Furthermore, of the total number of 
taxa present in an ensemble for any part of a season, only 67% 
(Meadow), 59% (Aspen), 65% (Fir), and 60% (Spruce-Fir) of these 
were identifiable at the time of p,eak community standing crop 
(Table 7). Most of these differences were attributable to early 
season taxa which had disintegrated, rather than late season 
taxa which had not yet appeared. 
Co~arisons among seral ensembles of the mean number of 
taxa per quadrat (Table 7), shows that Aspen had the maximum 
-1 diversity (14.500±0.397 taxa quadrat ), followed by Meadow (13.462 
±0.489), Fir (9.675±0.830), and Spruce-Fir (5.225±0.585). These peaks 
were significantly different (FANOVA a 39.397, LSD• 1.038, 
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,,,,--.. 
Figure 18. Seasonal course of diversity: rlchness, as m~aoured by total number of taxa 
sampled (s), for the four seral ensembles over the 1977 snow-free season. 
Curves are hand fit. (Includes overlay containing Figure 11.) 
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P = 0.001). Seasonal curves mimic the trends in diversity:richness 
(:;;) (Figure 19). On a seasonal basis, however, the order of 
increasing diversity appears to follow the pattern: Meadow to 
Aspen to Fir to Spruce-Fir. This shift was attributable to 
higher diversity in the Meadow ensemble during the Fall. 
Heterog eneity and Eguitability 
Nine hundred and seventy-six values, representing combinations 
of two measures of standing crop, three different methods of 
evaluating production data, four seral ensembles, ten heterogeneity 
indices and fourteen equitability indices are listed in Appendix 
F, Tables 18 to 24. A summary of the trends evident in these 
data are given in Table 8. Noteworthy is how the trends shift 
in rankings for every heterogeneity and equitability index when 
a different evaluation method is used. Clearly, these indices 
are very sensitive to the measure of dominance used. 
Haximum values for heterogeneity and equitability are given 
in Table 9. All maxima occurred in the Aspen ensemble. A general 
pattern in Table 8 is for Aspen to be the most diverse ensemble 
except when measured by E ', computed using both peak community 
C 
standing crop or mean daily photosynthetic biomass. Here, Meadow 
or Spruce-Fir is more diverse. An explanation of this discrepancy 
lies in the characteristics of E 'as a statistic and the 
C 
nature of the data used. 
E 'differs from E in that the former computes 
C C 
the ran e of biomass in logarithmic cycles for only those data 
87 
Figure 19. Seasonal course of diversity:richness, as measured by mean number of 
taxa per quadrat, for the four seral ensembles in 1977. Curves are hand 
fit. 
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Table 8. Ranked trends in diversity indices based ~n different 
methods of evaluation of production data. See Appendix 
for diversity index abbreviations. Data from Appendix F. 
Trend 2 
Diversity Index Evaluation method 1 2 3 
Richness indices 
8 Peak seasonal value A F M 
Visually integrated curves A F M 
quadrat -1 Peak seasonal value A M F 8 
Visually integrated curves M A F 
Heterogeneity indices 
H' x daily photosynthetic 
biomass A F S . 
Peak standing crops A F s 
Peak seasonal value A s M 
Simpson's ). (all forms) x daily photosynthetic 
biomass A F s 
Peak standing crops A F s 
Peak seasonal value A s M 
EQuitability indices 
E , X daily photosynthetic 
C biomass s A M 
Peak standing crops A F s 
Peak seasonal value M A F 
E x daily photosynthetic 
C biomass A s F 
Peak standing crops A F s 
Peak seasonal value A M F 
J' x daily photosynthetic 
biomass A s F 
Peak standing crops A F s 
Peak seasonal value A M s 
J* x daily photosynthetic 
biomass A s F 
Peak seasonal value A F s 
net and gross standing crops. !No rank difference between 
Highest (1) to lowest (4). 
Spruce-Fir. 
M = Meadow, A= Aspen, F = Fir, S = 
A 
4 
s 
s 
s 
s 
M 
M 
F 
M 
M 
F 
F 
M 
s 
M 
M 
s 
M 
M 
F 
M 
M 
90 
Table 9. Maximum values obtained in the School Forest in 1977 for 
various indices of heterogeneity and equitability. All 
biomass data based on gross standing crop. 
Index 
1/ °A 
H' 
E 
C 
E , 
C 
J' 
J* 
Log 
base 
10 
10 
10 
any 
any 
Value 
14. 880 
1.301 
13. 147 
15.635 
0.832 
0.664 
Seral 
ensemble 
Aspen 
Aspen 
Aspen 
Aspen 
Aspen 
Aspen 
Dominance index or 
Sampling Interval 
2 
2 
peak standing crops 
peak standing crops 
1 
peak standing crops 
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falling within four times the standard deviation of the geometric 
mean. For lognormal distributions, this is equivalent to approximately 
95% of the data (Whittaker, 1972). For the Meadow data (based 
on peak community standing crop), the extremely high value for 
Erigeron speciosus v·ar. macranthus resulted in a high standard 
deviation. Hence, a greater than normal number of rare taxa 
were included in the range of data used to calculate E '. 
C 
Reference to Figure 20 shows that these rare taxa resulted in 
"tails" to the dominance-diversity curves, reducing their slopes. 
An opposite phenomenon was believed responsible for the occurrence 
of Spruce-fir as the most equitable ensemble when computed using 
mean daily photosynthetic biomass . Here, fewer rare or abundant 
taxa were present in CO!l\)arison to the other ensembles. Those 
which were present were probably · truncated by the E' index, 
C 
resulting in a steeper slope for the curve. 
These limitations of the E' index have not been previously 
C 
discussed in the literature. Whittaker (1972) suggested using 
E 'over E values since the former is more robust to 
C C 
extremely high or low values (outliers). These would be most 
expected when the sample size is small. In applications where 
the sample sizes are large, or the researcher is confident that 
the data are accurate, E should be preferred. It was felt that E 
C C 
was the most appropriate index in this study. 
Trends in E were dependent on the method of evaluating 
C 
dominance (Table 8). For mean daily photosynthetic biomass, 
Aspen was the most equitable (E for base 10 and gross standing 
C 
crop• 11.556), followed by Spruce-Fir (9.222), Fir (9.119), 
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Figure 20. Dominance-diversity curves for the herbaceous 
vegetation in four sera l ensembles with their Ee 
equitability indices (bas e d on mean daily photo-
synthetic biomass). Curves are truncated in that 
they do not show contribution from trees. 
10 
· Ee= 9.119 
SPRUCE-FIR 
Ee= 9 .222 
N 
.1 I 
E 
C, 
en 
en 
< 
::::E 
0 
co 
.01 
0 
t-
UJ 
:c 
t-
z 
>-en ~ 0 t- .001 0 
:c \ ll. ~ < MEADOW ASPEN 0 
1)( Ee= 7.795 Ec=11.556 -
. 0001 
. 00001 
.000001-'-----------------------------
SPECIES SEQUENCE 
,. 
I 
and Meadow (7.795) (Appendix F, Tables 18 to 21). These indices 
remained unchanged when substituting net standing crop data 
(Appendix F, Tables 22 to 24). The trend for E, based on 
C 
peak standing ,, crops, differed from the former by shifting Fir 
and Spruce-Fir, but the magnitude of the difference between 
these two ensembles was once again small (10.423 versus 10.056, 
respectively). E for Aspen, the most equitable ensemble, 
C 
was 13.147, with Meadow, the least equitable at 8.397. Based 
on net standing crop, these values once again _remain unchanged! 
Another trend shift occurred when E was based on the highest 
C 
value observed over the course of the season. The trend using 
94 
this method had Aspen highest at 11.372, followed by Meadow 
(0.573), Fir (0.361), and Spruce-Fir (7.858). These peaks occurred 
on the third, second, third, and first sampling intervals of 
their respective seral ensembles. Values remained unchanged 
for net standing crop. 
J' equitability has been critized by Peet (1975) and Pielou 
(1975) as frequently being underestimated when used with sampled 
data. The criticism lies primarily with incorrectly determining 
s*, the number of taxa present in the population. Since these 
data were available in this study, J' was calculated a1ternately 
withs, the number of taxa in the sample, ands*, the number of 
taxa in the contiguous connnunity type. The latter was considered 
to be equivalent to the number of taxa in the population and 
was denoted J*. 
) 
No differences in ranked trends were evident between J' and 
J* (Table 8), probably due to the adaquate quadrat coverage in 
this study. For mean daily photosynthetic biomass data, both 
indices showe _d Aspen as the most equitable (0. 6 70 for J', 0. 639 
for J*), followed by Spruce-Fir (0.657, 0.636), Fir (0.648, 
0.619), and Meadow (0.637, 0.618) (Appendix F, Tables 18 to 
21). These values varied only ±0.002 when calculated using net 
standing crops (see Appendix F, Tables 22 to 24). Using peak 
standing crops, a shift occurred between Spruce-Fir and Fir. · 
Here Aspen was the most equitable (0.697, 0.664), followed by 
95 
Fir (0.690, 0.659), Spruce-Fir (0.680, 0.658), and Meadow (0.617, 
0.599). Again, use of net standing crops resulted in only minor 
change (±0.001). Variance of the mean ((var (J') was calculated, 
but will not be reported here because of its questionable validity. 
The trends for J' and J*, using mean daily phytosynthetic 
biomass and peak standing crops, concurred with those observed 
using E and the same dominance indices. A shift between Fir and 
C 
Spruce-Fir occurred, however, for the trend in J' using peak 
1 
values over a season. Here, Aspen had the highest equitability (0.832, 
1st sampling), followed by Meadow (0. 797, 2nd sampling), Spruce-Fir 
(0.784, 3rd sampling), and Fir (0.708, 4th sampling) (Appendix 
F, Tables 18 to 21). Corresponding values based on net standing 
1 J* was not calculated for indiv i.dual sampling intervals. It 
was felt that seeds or senesced necromass does not contribute to 
diversity:equitability. 
crops were similar for Fir and Spruce-Fir and identical for 
Meadow and Aspen (Appendix F, Tables 22 to 24). 
Identical trends in heterogeneity were found for both H' 
and~ (all forms), for all three methods of evaluating production 
data (Table 8). There was not agreement, however, in trends 
obtained from peak observed values when compared to either peak 
standing crops or mean daily photosynthetic biomass. 
For H', based on mean daily photosynthetic biomass, maximum 
heterogeneity (±VaP(H')) was found in Aspen (1.219±o.024), 
and Meadow (1.034±0.014) (Appendix F, Tables 18 to 21). These 
indices were not significantly different (t = 0.948, 89n.f., 
P ~ 0.2) based on at -test (Hutcheson, 1970) of the minimum and 
maximum values. Net standing crops did not change the indices 
more than ±0.004 (Appendix F, Tables 22 to 24). H' based on 
96 
peak standing crops resulted in Aspen having the highest heterogeneity 
(1.236±0.008), followed by Fir (1.236±0.008), Spruce-Fir (1.156± 
0.012), and Meadow (1.001±0.011). Net standing crops did not 
change these values more than ±0.001. The minimum and maximum 
values of these data were significantly different (t = 1.923, 89 d.f., 
P ~ 0.1). A multiple range test to determine which means are 
different has not been proposed for use with these data~ 
Maximum observed values for H' through the season were as 
follows (from highest to lowest): Aspen (1.301±0.004, 2nd 
sampling), Spruce-Fir (1.159±0.004, 3rd sampling), Meadow 
(l.141±0.025, 2nd sampling), and Fir (1.106±0.011, 3rd sampling). 
Minimum and maximum values were significantly different (t • 
/ \ 
) 
. l 
1.855, 64 d.f., P < 0.1). Maximum differences using net standing 
crop were ±0.004. 
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Heterogeneity, based on 1/A and mean daily photosynthetic 
biomass, resulted in Aspen with the highest heterogeneity (9.400), 
followed by Fir (8.897), Spruce-Fir (8.572), and Meadow (6.830). 
Appendix F, Tables 18 to 21). Maximum deviation using net standing 
crops was -0.016 (for Aspen). Rankings for heterogeneity with 
peak standing crops were identical with Aspen (11.571), Fir 
(11.535), Spruce-Fir (7.723), and Meadow (5.338). These differences 
were larger in magnitude than for mean daily photosynthetic 
biomass. Maximum deviation using net standing crops was -0.020 
(Aspen). Heterogeneity for peak observed values showed a shift 
in lower rankings with Aspen the most heterogeneous (14.880, 
2nd sampling), followed by Spruce-Fir (10.855, 3rd sampling), 
Meadow (8.968, 2nd sampling), and Fir (8.813, 3rd sampling). 
Maximum deviation using net standing crops was -0.160 in Aspen. 
Despit~ an increasing number of studies using periodic 
sampling, intraseasonal variations in diversity componepts (excluding 
species richness) have not been examined. A number of generalized 
observations concerning heterogeneity and equitability trends 
across a season, may be made from the data in Appendix F. 
In the Meadow, both heterogeneity and equitability were 
very low at the beginning and end of the snow-free season. E' 
C 
(log 10) values of -1.673 and 1.852 (Appendix F, Table 18) revealed 
extremely steep dominance-diversity curves. In the early sample, 
each taxon in the ensemble was theoretically pre-empting an average 
) 
of 66% (k = O. 66; Whittaker, 1975) of the "resources" available. 
In the latter sample this value was 63%. In reality one would 
expect that only a small proportion of the available resources 
(~, nutrients, moisture, space, light) were being utilized by 
the plants in these environmentally stressed communities. Consequently, 
these curves revealed little about competition among plants as 
measured by niche relationships. On~ might even ask if the 
concept of equitability is applicable to a community in which 
there is little or no competition induced division of resources? 
All the heterogeneity and equitability indices for the 
Spruce-Fir ensemble, with the exception of E ', showed a gradual 
C 
increase over the season and then plummet upon flowering of 
Aster engelmannii. The previously decribed response was expected 
for indices which are weighted for the most important species 
(i.e., A and E) (Peet, 1974), but should theoretically 
C 
have had little effect on those sensitive to changes in the 
least abundant taxa (H', J', J*). This anomaly was probably due 
to reductions in the proportional biomass accounted for by the 
minor taxon upon addition of a high biomass taxon. 
Intraseasonal heterogeneity and equitability in the Aspen 
and Fir ensembles showed expected monotonic and Gaussian curves. 
All indices in the Fir, except E and E ', had their lowest values 
C C 
late in the summer. This corresponded to the period of dominance 
by Rudbeckia occidentalis var. occidentalis. These tall plants 
eff -ectively shade out competition from plants of lower stature. 
In the Aspen ensemble, Simpson's index is greatest (1/A = 14.880) 
/ 
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early in the season when a great number of taxa were dominant. 
Presumably, this is at a time when resources (especially moisture) 
were still abundant. 
Similarity 
A high degree of floristic similarity existed between seral 
ensembles when based on presence-absence data (Coefficient of 
Connnunity) (Figure 21). A high Coefficient of Community 
between adjacent communities is considered a good indicator of 
a chronosequence (Dye and Moir, 1977). As expected, similarity 
was substantially reduced when comparing ?iomass composition 
(Percentage Similarity) (Figure 22). Degrees of similarity, as 
measured by Percentage Similarity, may be indicative of the time 
it would take one community to replace another (Goff and Zedler, 
1972). Based on these data, the .Meadow to Spruce-Fir sere hypothesized 
by Schimpf, et al. (1980) would be the most rapid successional 
pathway. The slowest would be direct replacement - of conifers -
to ~meadow. Obviously, factors besides understory similarity 
~, rates of suckering by aspen, conifer seedling establishment 
success, canopy closure, stand development patterns) would also 
determine successional rates, 
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M A F s 
A 
F 55.7 77.0 
s 61.5 71.0 77.3 
Figure 21. Coeffici ~nt of Community mabrix _J9r herbace ~us vegetation 
in the Meadow (M), Aspen (A), Fir (F), and Spruce-Fir 
(S) seral ensembles. 
M A F s 
A 
F 13.8 25.0 
s 5.7 16.3 34.6 
Figure 22. Percentage similarity matrix for herbaceous vegetation 
in the Meadow (M), Aspen (AJ, Fir (F), and Spruce-Fir 
(S) seral ensembles. 
GENERAL CONCLUSIONS 
Trends in Succession 
Tests of developmental trends in ecosystem attributes are 
confounded by the intra-seasonal dynamics of some of its attributes. 
These data have shown that the daily variations which take place 
in and between herbaceous plant communities make it impossible 
to objectively test trends using point estimated (single sampling) 
data only. Additionally, indices of dominance which are based 
on periodic sampling, but only measure magnitude (peak standing 
crop), have been shown to have undesirable properties. I believe 
that use of the sum of the mean daily photosynthetic biomass 
(or other phytomass component) by taxon, provides a definitive 
index of dominance which can be used to compare seasonally dynamic 
plant communities. This index is considered the most appropriate 
to testing trends in primary production between ensembles in 
this study. Additionally, it is assumed that diversity indices 
based on this parameter are the most accurate, i.e., have the 
highest information content. 
The usefullness of diversity indices in quantitative ecology 
has been severly critized in the last decade (Hurlbert, 1971; 
Peet, 1975; Harper, 1976; Whittaker, 1977). Ecologists are 
faced today with a " ••• vertitable midge-swarm of measures now 
suspended in the literature" (Whittaker, 1977). ~esides debate 
over what biological properties, if any, the indices represent 
(Hurlbert, 1971; Harper, 1976), much discussion has centered on 
the applicability ("robustness" in a statistical context) of 
various indices to sampled data ('Whittaker, 1972; Peet, 1974, 
1975; Pielou, 1975). Sampling errors are invariably distorted 
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by different indices to varying degrees and are seldom detectable. 
Bias in the resulting index values can be minimized by using 
large sample sizes and, in the case of relativized indices (Peet, 
1975), knowing the number of taxa in the population (Pielou, 
1975). The sampling design in this study was directed towards 
meeting these requirements. Any of the diversity indices used 
here, with the exception of E' is thought to provide a definitive C , 
test of diversity trends when coupled with dominance data based on 
mean daily photosynthetic biomass. 
Before the primary objective of this study, a test of Odum's 
hypotheses, can be addressed, there remains the question of 
~efining the sere which is operative in the School Forest. 
Studying ecosystem development from a set of different sites, 
inferred to represent a chronosequence, in contrast to examining 
a single site over time, necessitates invoking the Clementsian 
concept of climax. Major (1974) cautioned of the perils of 
this approach: 
There is usually no assurance that even though 
the various factors of the env.j_runment have been 
constant over time in the region, all developed 
under the same climate, the same parent material, 
on the same relief, from the same flora, and have 
had the same fire history - or lacking sameness that 
differences in these factors have had no effect on the 
course and amount of succession, however measured. 
(p. 13) 
By choosing, in this study, ensembles without evidence of a recent 
charcoal layer, we cannot be certain whether the ensembles represent 
\ 
HD 
a unidirectional chronosequence or a climax pattern (Whittaker, 
1953). Evidence of a sere beginning with Aspen, going through 
Fir, and terminating with Spruce-Fir (Henderson,~ al., unpublished 
data) seems compelling. What is not certain to this author are 
the endpoints to that sere, specifically where the Meadow belongs? 
Schimpf, et al. (1980) argue that allogenic succession, 
resulting from climatic change, is responsible for Aspen invasion 
in Big Meadow, as well as most of the School Forest. Acceptance 
of this hypothesis raises the question of whether a pioneer to 
(1/ 
m'ture chronosequence (as addressed by Odum, 1969) is being investigated? 
Evidence is lacking to document a structural or functional change 
in the Meadow cornrm..mity corresponding with its shift from "climax" 
to "developmental". Indeed, if no changes occurred, chronosequences 
incorporating an allogenic stage · may not be applicable to Odum' s 
successional model. 
The Schimpf hypothesis does not, however, present difficulties 
when viewed in the following context. The open meadows in the vicinity 
have in the last 130+ years undergone periods of heavy grazing by 
domestic livestock (Potter, manuscript). In the "Big Meadow" area 
pressure has been primarily from cattle, while directly west, sheep 
have been predominant (T.W. Daniel, Personal Communication). Livestock 
have grazed in the School Forest since about 1900 (Schimpf, et tl·, 
1980) and stocking rates may have been higher than present in early 
years. Evidence of soil erosion has already been noted and may 
have resulted from overgrazing. The invasion of Rudbeckia occidentalis 
var. occidentalis and the comparatively low standing crop of grasses 
\ 
on the cattle range, coupled with the invasion of Madia glomerata 
and Gilia aggregata on sheep range (T.W. Daniels, unpublished 
data), is taken as evidence of successional retrogression in the 
meadows. I offer the hypothesis that the properties of a meadow 
community responsible for arresting forest invasion, i.e., dense 
sod, high cover, and large standing crop (Langenheim, 1962; 
Moir, 1967; Franklin, et al., 1971; Whipple and Dix, 1979), 
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have been sufficiently weakened over the past 80 years to consider 
the meadows as potentially seral. ifuether the meadows will 
actually succeed to conifers or regain stability is irrelevant 
so long as the potential for autogenic succession presently 
exists. 
Because the position of the Meadow ensemble on a successional 
time axis is unknown (though .assumed to be pre-Aspen), the 
cumulative age of trees prior to those present occupying the 
- forest ensembles are also unknown, trends in production and 
diversity can only be generalized. These trends are summarized 
in Table 10. 
While the trend in net community production was somewhat 
ambiguous for the mid-seral stages (Aspen and Fir), the shift 
in rankings was felt to be insignificant, especially due to the 
unique vegetal composition of the Fir ensemble. A generalized 
curve for herbaceous production in the School Forest would be 
expected to correspond to the linear downtrending curve (Type 
F) in Figure 1, but show a reduced slope through mid-succession. 
A curve for diversity:richness would most likely resemble Type D 
\ 
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Table 10. Trends in standing crop and diversity of the herbaceous 
vascular plant synusia in a Meadow to Aspen to Fir to 
Spruce-Fir chronosequence. 
Trend 
Attribute Developmental 
Net Community Product-
ion (Yield) High 
Diversity:Richness 
Diversity:Equitability 
Diversity:Heterogeneity 
Mature 
Low 
(Ambiguous) 
(Ambiguous) 
(Ambiguous) 
Agreement with 
Odum (1969)? 
Yes 
No 
No 
\ 
(Figure 1) with intermediate richness in the earliest stage, 
followed by maximum richness in mid-succession and a gradual 
decline to minimum values late in succession. This trend does 
not concur with Odum's tabular or textual hypothesis of a Type A 
or B curve. Diversity:equitability and diversity:heterogeneity 
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most closely correspond to curve I as proposed for species richness 
on envrionmentally favorable sites by Peet (1978). Diversity: 
equitability does not correspond to Odum's hypothesis of a Type 
A or B curve. 
Since Odum's (1969) hypotheses, as well as those of most 
other authors, address trends in entire ecosystems, rather than 
a single synusium such as the herbacebus vascular plants, the 
tv 
conclusions drawn here do not in themselves chall,nge the validity 
of his model. Work in progress {see MacMahon, in press) will 
attempt to integrate data collected on specific ecosystem properties 
to provide a definitive test of the Odum model for a subalpine 
ecosystem. Whether trends in herbaceous plants are characteristic 
of the entire ecosystem remains to be determined. 
Species Richness 
The School Forest appears to have one of the richest herbaceous 
vascular floras for any mountainous area in the Western United 
States and the richest subalpine flora ever reported for North 
America. Only the mid-elevational (2200-2500 m) mixed-mesic 
forests of the Colorado Front Range (Peet, 1978) are richer 
(x s = 60.3, maxinrum = 82 vascular species per 0.1 ha plot). ~ 
Peet's Spruce-Fir stands (data from Whittaker, 1977) had an 
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average richness (sw) for 32.5 ± 10.5 st. dev., n = 27, with a 
range of 14-60 species. This is in contrast to the School Forest 
macroplots with an sw of 70 vascular species in Fir and 58 vascular 
species in Spruce-Fir. These values are much higher than any 
examined for diversity:richness studies elsewhere in western 
North America (Table 11). Diversity studies in this region, 
however, have generally been ancedotal. Peet's (1978, p. 73) 
observation that"··· with further investigation ••• similar species-
rich vegetation should be found throughout much of the interior 
of western North America" is shared by this author. 
r;./ 
The comparttively large number of rare taxa present in the 
Spruce-Fir ensemble (see Figure 19) may be partly explained by 
a decrease in seasonally regulated niche breadths and the consequently 
greater opportunity for immigration (MacArthur, 1969; May and 
MacArthur, 1972). A general decrease in within season sychrony 
of growth curves occurred over the Meadow to Spruce-Fir sere 
(Figures 11 through 14). This phenomena was previously observed 
by Mellinger and McNaughton (1975), who offered it as an explaination 
for increased diversity with increasing seral development. 
Their hypothesis cannot be considered the sole expla,nation ·fo~ · 
increased diversity in this study, since sychrony is high within 
Aspen, the most diverse seral ensemble. 
Perhaps the most important factor influencing species richness 
in the School Forest in habitat herterogeneity. Ensembles which 
are dissected by vernal streams, have openings in their canopy, 
or are midway between very dissimilar habitats (as Aspen is to 
Table 11. Tabular comparison of alpha and gamma diversities reported by authors for areas in ~estern 
North America. 
Citation 
Whittaker and Niering, 
1965 
Oosting and Reed, 
1952 
Warner and Harper, 
1971 
Merkle, 1954 
Swan and Dix, 1966 
Moral, del, 1973 
Peet, 1978 
Veg,l 
Type 
PIENf 
ABLA 
PIEN-
ABLA 
POTR 
PIEN-
ABLA 
POTR 
(seral) 
Location 
Santa Catalina Mtn.s, 
Arizona 
Medicine Bow Mtn.s, 
Wyoming 
Utah and No. Arizona 
Kaibab Plateau, 
Arizona 
Saskatchewan 
Abies Washington 
PIEN-
ABLA 
Front Range, 
Colorado 
Compiled 
floristic 
list? Alpha diversity 
no ! s • 8.3 
(all vascular) 
no x s • 19 
? 
? 
no 
yes 
yes 
(all vascular) 
X 8 • 16 
(herbaceous) 
is ., 36 
(herbaceous) 
None 
x s "' 28 
(? type) 
x s = 15.9 
(? type) 
x s • 32 ,5 
(all vascular) 
range 14-60 
Plot 
size 
25 !2 
1 m 
6 X 
0,01 
ha 
49 X 
0.04 
ha 
quad-
rats 
? X 
0.4 
ha 
Gamma diversity 
35 species 
(all vascular) 
43 species 
(all vascular) 
57 species 
(all vascular) 
35 species 
(herbaceous) 
None 
7 x 35 species 
0.1 ha(? type) 
27 x None 
0.1 ha 
-0 
co 
~ 
Table 11 (continued). 
Compiled 
Citation 
Veg. 1 floristic Type Location list? I Alpha diversity 
Dye and Moir, 1977 ABLA- Sacramento Mtn.s, yes None 
PIEN New Mexico 
Reed, 1976 ABLA Wind River Range, ? None 
Wyoming 
ibid. PIEN ibid. ? None 
Reed., 1971 POTR Wind River Range, ? x s .. 29 
Wyoming (herbaceous) 
maximum .. 37 
1ABLA • Abies Zasiocarpa, PIEN • Picea engeZmannii, and POTR • PopuZus tremuZoides. 
Plot 
size Gamma diversity 
9 X 68 species 
0.038 .. (all vascular) 
ha 
? X 47 species 
0.038 (herbaceous) 
ha 
ibid. 37 species 
. (herbaceous) 
19 X None 
0.038 
ha 
,_. 
O ' 
I.O 
\ 
Meadow and Fir), have high habitat heterogeneity. Consequently 
there is greater chance for niche differentiation and increased 
diversity. 
Early Meadow Succession 
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The combination of fall germination and development or 
persistance under snow for Gilia aggregata and Bromus marginatus 
represent an exploitative successional strategy observed in 
overgrazed meadows in the School Forest. T. W. Daniels (unpublished 
data) has observed the invasion of Madia glomerata into areas 
of the School Forest heavily grazed by sheep. M. glomerata has 
been shown to inhibit seed germination and development of meadow 
plants (Parker, 1949-50; Ellison, 1954) and attains an early 
standing crop which persists through mid-summer. Under protectton 
from grazing, Gilia aggregata and then Bromus marginatus will 
eventqally succeed Madia glomerata. Presumably, the ability of 
these taxa to germinate and develop when Madia glomerata is 
dormant is a factor in their eventually successional replacement. 
The rate of this process is possibly regulated by winter snow 
depth. 
Regehr and Bazzaz (1976) investigated five winter annuals 
in Illinois old-fields which"••• maintain the capacity to photosyn-
thesize throughout the winter whenever microclimatic conditions 
permit." These taxa gained a competitive advantage over summer 
annuals by pre-empting their growth and development (Raynal and 
Bazzaz, 1975). Regehr and Bazzaz (1976) considered this an 
example of "exploitative strategy" (sensu Hochachka and Somero, 
/ 
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1973). In areas with deep persistant winter snow packs, the 
ability of plants to develop under snow has been documented by 
Billings and Bliss (1959), Mooney and Billings (1960), Spomer 
(1962), and recently near the School Forest by Kimball, et al. 
(1973; Kimball and Salisbury, 1974). Kimball, et al. (1973) 
determined that chlorophyll content of two prevernal species is 
inversely proportional to snow depth. If a similar relationship 
exists with Bromus carginatus and Madia glo merata, winters with 
shallow snow packs may be especially favorable for the successional 
process previously described. Snow depths during the Winter of 
1976-77 were dramatically shallower than for 26 previous recorded 
snow packs (Schimpf,~ al., 1980). This would explain the 
high standing crops sampled for Bromus marginatus and Madia 
glomerata on the first snow-free day. 
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SIMPSON'S INDEX 
The original computing formula for Simpson's "index of dominance" 
{A} is: 
s 
A-= r p~ 
i=l 'Z, 
( 7 ) 
(Simpson, 1949), wheres= the nwnber of taxa and p. is the proportional 
'Z, 
.th 
abundance of the 'Z- taxon. A finite population correction factor 
(see Peet, 1974) can only be applied when p. is subsituted by n., the 
'Z, . 'Z, 
.th 
number of individuals in the 'Z- taxon. Since this index varies 
invers,ely withdiversity, Williams (1964) introduced the reciprocal 
expression 1/A which Hill (1973) has denoted N2 • Pielou (1975) pro-
posed a further variation to relate the index to entropy {of the 
second order): 
where a is the base of any logarithm. 
( 8 ) 
Simpson's A (and its variates) is classified as a Type II Hetero-
geniety index by Peet (i974). It is most sensitive to changes in 
proportional dominance among the most abundant taxa. 
SHANNON-WIENER INDEX 
The information theory index (Shannon, 1948) is calculated by: 
s 
H' = L p . log p . ( 9 ) 
. 1 i. a -z, 
'Z,= 
with the same variable identities as in Simpson's index. It has been 
" ••• equated with the amount of uncertainty that exists regarding the 
species of an individual selected at random from a population" {Pielou, 
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1966). Hill (1973) has denoted the antilog of H', exp(H'), as N1• 
Lloyd, et al. (1968) gave a convenient computing equation for the 
Shannon-Wiener index: 
~ n. log 10 n} i=l 'l, J (10> 
s 
where N = . En. and c = log 10 with a representing the desired log base 
. 1 -i a 
'l-= 
for H'. Basharin (1959) and Bowman, et al. (1969) have showed that 
H' is a biased estimator. Fortunately, for most applications where 
sample sizes are large and most of the taxa in the population are 
included in the sample, this bias is small (Peet, 1974). 
An estimator of the variance of H' is given by Basharin (1959) as: 
var(H'} = ( ~ p. logb2 p. - (H') 2)/N (11) 
i=l 'l, 'l, 
which is more easily computed using the Lloyd, et al. (1968) equation: 
" 
var(H') (12) 
Hutchinson (1970) developed at-test procedure for determining signif-
icant differences between the H' diversities of two samples. However, 
,.. 
Basharin (1959) and Lloyd, et al. (1968) warn against using var(H") 
when individuals are not randomly sampled. 
The Shannon-Wiener index is classified as a Type I heterogeniety 
index by Peet (1974). It is most sensitive to changes in proportional 
abundance among the least dominant taxa. 
PIELOU'S J' 
E.C. Pielou (1966) introduced the index: 
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J' = H' /logb s* (13) 
where H' is the Shannon-Wiener index and logb s* is the logarithm (to 
the same base bas H') of the number of species (or equivalent) in the 
population (Peet, i975; Pielou, J.975). This index is an expression of 
the equitability component of diversity (Peet, 1974) and ranges in 
values from 0.0 (minimum) to J..O (maximum). 
An estimate of the variance of J' is obtained by: 
" 
" 
var (H") 
var tJ'} = (14) 
(logb s*) 2 
(Pielou, 1975). This statistic would appear to have questionable 
applicability, however, since it does not vary with changes in the log 
base to which H' was calculated. 
WHITTAKER'S E and E ' 
C C 
Whittaker's (1972) equitability index "is an expression of the 
range of [biomass] in logarithmic cycles." E is computed by: 
C 
s 
E = ---------
c (15) 
wheres is the number of taxa in the sample, loga p1 is the proportion-
al biomass of the most important taxon taken to any log base a , and 
loga p2 is the proportional biomass of _the least important taxon taken 
to the same log base a • 
calculated by: 
A statistically more valid equation, E ' is C , 
s 
E 
, /2 [1og p. - log ~r (16) = C • J. a ,-z, . a . 1 'Z, 
'2,= ' t.= 
s 
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This index e xpresses the "average density or packing of [taxa J per cycle 
of the ~iomass] distribution" (Whittaker, 1972). Whittaker considers 
log
2 
to be mathematically the most interesting form of this index. 
APPENDIX B 
CHECKLIST OF THE VASCULAR PLANTS OF THE UTAH STATE 
UNIVERSITY SCHOOL FOREST 
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ANNOTATED LIST OF VASCULAR FLORA 
LYCOPODIOPHYTA 
Class ISOETOPSIDA 
SELAGINELLACEAE 
131 
Selaginella watsonii Underw.; Watson selaginella; rare on shallow, 
rocky soils in fir. 
PINOPHYTA 
Class PINOPSIDA 
PINACEAE 
Abies lasiocarpa {Hook.) Nutt.; Subalpine fir; connnon throughout 
area. 
Picea engelmannii Parry ex. Engelm.; Engelmann spruce; common 
throughout area. 
Pinus contorta Dougl. ex. Loud. var. latifolia Engelm. ex. S. Wats.; 
Lodgepole pine; occasional throughout area. 
Pinus flexilis James; -Limber pine; infrequent throughout area. 
Pseudotsuga menziesii {Mirb.) Franco var. glauca (Beisn.) Franco; 
Rocky Mountain Douglas fir; infrequent throughout area. 
MAGNOLIOPHYTA 
Class MAGNOLIATAE 
RANUNCULACEAE 
Aquilegia coerulea James var. ochroleuca Hook.; Colorado columbine; 
302; frequent in fir and spruce. 
Delphinium nuttallianum Pritz. var. nuttallianum; Nuttall larkspur; 
377; occasional in meadows and aspen, rare in fir and spruce-
fir (increases with grazing). 
Ranunculus alismaefolius Geyer ex. Benth.; Dwarf plainleaf butter-
cup; 491; frequent in seepage in Big Meadow. 
Ranunculus jovis A. Nels; Buttercup; 442; frequent immediately after 
snowmelt in meadows and aspen. 
Thalictrum fendleri Engelm.; Fendlermeadowrue; 520; occasional in 
aspen and fir north of Big Meadow. 
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FUMARIACEAE 
Dicentra uniflora Kellogg; Steershead; 1238; infrequent immediately 
after snowmelt in Doc's Meadow. 
CARYOPHYLLACEAE 
Arenaria congesta Nutt. var. congesta; Ballhead sandwort; 474; rare 
in fir north of Big Meadow. 
Spergularia ruba (L.) J. & C. Presl; Red sandspurry; 263; frequent 
(location unrecorded). · 
Stellaria jamesiana Torr.; Tuber starwort; 383; common and equally 
abundant throughout area. 
PORTULACACEAE 
Claytonia chamissoi Ledeb.; Springbeauty; rare in fir north of Big 
Meadow. 
Claytonia lanceolata Pursh var. lanceolata; Lanceleaf springbeauty; 
445; common throughout area. 
Lewisia triphylla (Wats.) Robins; Threeleaf lewesia; infrequent in 
vernal stream bed in Big Meadow. 
CHENOPODIACEAE 
Chenopodium fremontii S. Wats.; Fremont goosefoot; rare in spruce 
fir of Big Meadow. 
POLYGONACEAE 
Eriogonum heracleoides Nutt.; Wyeth eriogonum; 545; common in meadows 
and aspen, occasional in fir, rare in spruce-fir. 
Polygonum bistortoides Pursh var. bistortoides; American bistort; 
537; occasional(?) in vernal streambed in Big Meadow. 
Polygonum douglasii Greene var. douglasii; Douglas knotweed; 
250; common in meadow and aspen, infrequent in fir and spruce-
fir (increases with grazing). 
Rumex paucifolius Nutt. ssp. paicifolius; Mountain sorrel; 430; 
occasional in vernal stream bed in Big Meadow. 
MALVACEAE 
Sidalcea oregana (Nutt.) A. Gray var. oregana; Oregeon checker-
mallow; 410; infrequent in meadow, aspen, and spruce-fir 
at Big Meadow and in aspen at Hart's Weather Station. 
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VIOLACEAE 
Viola adunca J.E. Smith var. adunca; Hook violet; 381; infrequent 
(rare"?) in aspen and fir north of Big Meadow. 
Viola canadensis L. var. rugulosa (Greene) Hitchc.; tall sterrnned 
white violet; 393; infrequent in aspen north of Big Meadow. 
Viola nuttallii Pursh var. major Hook.; Violet; 1226; frequent in 
aspen and fir, infrequent in meadow and spruce-fir near 
Big Meadow. 
Viola purpurea Kellogg var. venosa (S. Wats.) Brain.; Goosefoot 
violet; infrequent in aspen, fir, and spruce-fir north of Big 
Meadow. 
SALICACEAE 
Populus tremuloides Michx.; Quaking aspen; common throughout area. 
BRASSICACEAE 
Arabis drummondii; Drum,~ond rockcress; 596; corrnnon throughout area 
(increases with grazing). 
Barbarea orthoceras Ledeb.; Erectpod wintercress; rare in spruce 
north of big meadow. 
Descurainia richardsonii (Sweet) 0. E. Schu l z var. sonnei (B. L. 
Robinson) C. L. Hitchcock; Richardson ~anseymustard; 514; 
frequent on disturbed soils in aspen, fir, and spruce-fir. 
Draba stenoloba Ledeb. var. nana (0. E. Schulz) C. L. Hitchcock; 
Alaska draba; 301; occasional in fire and infrequent in 
spruce-fir on conifer duff. 
Erysimum asperum (Nutt.) D.C. var. purshii Durand; Plains erysimum; 
594; infrequent in aspen and fir north of Big Meadow. 
PYROLACEAE 
Pyrola secunda L.; Sidebells pyrola; 495; infrequent in aspen north 
of Big Meadow, occasional in fir northeast of Big Meadow, 
frequent in fire and spruce-fir elsewhere. 
PRIMULACEAE 
Androsace filiformis Retz; Slender rockjasmine; 299; frequent on 
disturbed soil in fir south of Big Meadow, occasional in aspen 
throughout the area. 
GROSSULARIACEAE 
Ribes viscosissimum Pursh var. viscosissimum; Sticky current; 
occasional in fir and spruce-fir north of Big Meadow. 
SAXIFRAGACEAE 
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-Lithophragma bulbifera Rydb.; Woodlandstar; 539; infrequent in 
Doc's Meadow and aspen north of Big Meadow, frequent in Big 
Meadow. 
ROSACEAE 
Amelanchier alnifolia Nutt.; Serviceberry; infrequent (rare?) in 
aspen and spruce-fir north of Big Meadow. 
Fragaria vesca L var. bracteata (Heller) R. J. Davis; Serviceberry; 
319; infrequent in aspen and spruce-fir, frequent in fir north 
of Big Meadow. 
Potentilla arguta Pursh var. convallaria (Rydb.) Th. Wolf.; 
Cinquefoil; 538; frequent to common throughout area. 
Potentilla gracilis Dougl. var. elmeri (Rydb.) Jeps.; Northwest 
cinquefoil; 279; occasional in Big Meadow along vernal stream, 
infequent in fir and spruce-fir north of Big Meadow and aspen 
throughout area. 
Rosa nutkana Presl var. hispida Fern.; Nootka rose; infrequent 
throughout area. (Collected from School Forest by Schimpf s. n. 
(UTC)). 
Rubus parviflorus Nutt.; Japanese raspberry; frequency and location 
not reported; presumably infrequent to rare. 
Sorbus scopulina Greene var. scopulina; Greenes mountain-ash; 498; 
infrequent in ecotone between Abies lasiocarpa "island" and 
Big Meadow. 
FABACEAE 
Astragalus miser Dougl.; Weedy milkvetch; infrequent(?) in conifer 
south of A-frame. 
Lathyrus lansdwertii Kellogg; Thickleaf peavine; common in aspen 
on ridge north of Jebo Creek, infrequent in fir along Sink 
Road north of cattle guard. 
Lupinus argenteus Pursh var. rubricaulis (Greene) Welsh; Silvery 
lupine; 307; common throughout area becoming less dominant in 
conifers (increases with grazing). 
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Lupinus lepidus Dougl. var. utahensis (S. Wats.) C. L. Hitchc.; 
Pacific lupine; infrequent in Doc's Meadow. 
Trifolium longipes Nutt. var. reflexum A. Nels.; Clover; 
infrequent in Big Meadow. 
Vicia americana Muhl.; American vetch; common in aspen on ridge 
north of Jebo Creek, rare(?) in aspen north of Big Meadow. 
ONAGRACEAE 
Epilobium angustifolium L.; Fireweed willowherb; infrequent in fir 
and spruce-fir north of Big Meadow, frequent in fir and 
spruce-fir along Sinks Road north of cattle guard. 
Epilobium brachycarpum Presl; Willowweed; 405; common in Big 
Meadow (increases with grazing). 
Epilobium lactiflorum Haussln.; Reed willowweed; 506; frequent 
in fir and spruce-fir north of Big Meadow. 
Gayophytum nuttallii T. & G.; Bigflower groundsmoke; 1228; common 
in Big Meadow and Doc's Meadow, frequent in aspen north of 
Big Meadow and at Hart's Weather Station. 
ELAEGNACEAE 
Shepherdia canadensis (L.) Nutt.; Russet buffaloberry; abundance 
and location unrecorded, presumably infrequent. 
CELASTRACEAE 
Pachistima myrsinites (Pursh) Raf.; Myrtle pachistima; occasional in 
fir north of Big Meadow. 
GERANIACEAE 
Geranium richardsonii Fisch. & Trautv.; Richardson geranium; 521; 
occasional in fir north of Big Meadow. 
Geranium viscosissimum Fisch. & C. A. Meyer var. nervosum (Rydb.) 
C. L. Hitchc.; Sticky geranium; 502; common throughout area. 
APIACEAE 
Ligusticum filicinum Wats.; Fernleaf ligusticum; 309; occasional 
in aspen and fir and frequent in spruce-fir throughout area. 
Orogenia linearifolia S. Wats.; Indian potato; 443; connnon 
following snowmelt in meadow and aspen. 
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Osmorhiza chilensis Hook.& . Arn.; Spreading sweetroot; 398; common 
throughout area in forests. 
Osmorhiza occidentalis (Nutt.) Torr.; Sweetanise; 461; infrequent 
in aspen (and conifers?) at Hart's Weather Station. 
P0LEM0NIACEAE 
Collomia linearis Nutt.; Slender collomia; 412; common in meadow 
and aspen, occasional in fir and spruce-fir throughout area 
(increases with grazing). 
Gilia aggregata (Pursh} Spreng . ; Skyrocket gilia; 600; connnon in 
meadow, frequent in aspen throughout area (invades after heavy 
grazing). 
Linanthus septentrionalis Mason; 364; infrequent in meadows and 
aspen throughout area. 
HYDR0PHYLLACEAE 
Hesperochiron pumulis (Grisb.) Porter; 448; infrequent following 
snowmelt in Doc's Meadow. 
Hydrophyllum capitatum Dougl. var. capitatum; Ballhead waterleaf; 
447; occasional in fir and spruce-fir and fr~quent in aspen 
throughout area. 
Nemophila breviflora A. Gray; Great Basin nemophila; infrequent in 
aspen following snowmelt. 
Phacelia hastata Dougl. var. alpina (Rydb.) Cronq.; Phacelia; 
in meadow and aspen on ridge north of Jebo Creek and in aspen 
on hilltop southwest of Hart's Weather Station (abundance 
unrecorded}. 
B0RAGINACEAE 
Hackelia micrantha (Eastw.) J. L. Gentry; Stickseed; 251; frequent 
throughout area. 
LAMIACEAE 
Agastache urticifolia (Benth.) Kuntze var. urticifolia; Nettleleaf 
gianthyssop; rare on rocky soil in aspen meadow ecotone in 
Big Meadow; infrequent(?) in aspen at Hart's Weather Station. 
SCR0PHULARIACEAE 
Castilleja miniata Dougl. var. miniata; Scarlet paintedcup; 464; 
common in aspen throughout area, infrequent in fir north of 
Big Meadow. 
-Collinsia parviflora Lindl.; Littleflower collinsia; 439; 
frequent throughout area. 
137 
Pedicularis racemosa Dougl. var. alba (Pennell) Cronq.; Sickletop 
pedicularis; 553; infrequent in aspen on aspen-fir ecotones, 
common in dense fir and spruce-fir woods. 
Penstemon cyanthus Hook. ssp. cyanthus; Wasatch penstemon; 1227; 
occasional in meadow and aspen at Big Meadow. 
Veronica serphyllifolia L. var. humifusa (Dickson) Vahl; Thyme-
leaf speedwell; 490; frequent to common in seepage in Big 
Meadow. 
OROBANCHACEAE 
Orobanche uniflora L. var. purpurea (Heller) Achey; Ghostpipe; 
rare in fir north of Big Meadow. 
RUBIACEAE 
Galium bifolium S. Wats.; Twinleaf bedstraw; 328; infrequent in 
meadow, aspen, and spruce-fir, occasional in fir throughout 
area. 
CAPRIFOLIACEAE 
Lonicera involucrata (Rich.) Banks; Bearberry honesuckle; 444; 
frequent in vernal stream in Big Meadow. 
Lonicera utahensis S. Wats.; Utah honeysuckle; infrequent(?) in 
aspen, fir, and spruce-fir throughout area. -
Sambucus racemosa L. ssp. pubens (Michx.) House var. microbotrys 
(Rydb.) Kearney & Peebles; Red elder; infrequent(?) in Big 
Meadow and spruce-fir throughout area. 
Symphoricarpos oreophilus A. Gray var. utahensis (Rydb.) A. Nels.; 
Snowberry; frequent in fir and spruce-fir throughout area. 
VALERIANACEAE 
Valeriana occidentalis Heller; Western valerian; 496; occasional 
in aspen throughout area and fir north of Big Meadow. 
ASTERACEAE 
Achillea millefolium L. ssp. lanulosa (Nutt.) Piper; Western yarrow; 
459; connnon througho~t area. 
Agoseris aurantiaca (Hook.) Greene var. aurantiaca; Orange agoseris; 
551; frequent in aspen throughout area as well as meadows at 
Hart's Weather Station, rare in spruce-fir north of Big Meadow. 
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Antennaria microphylla Rydb.; Rose pussytoes; 543; frequent in 
meadow and aspen at Big Meadow, infrequent in fir north of 
Big Meadow. 
Arnica cordifolia Hook. var. cordifolia; Heartleaf arnica; 295; 
connnon in fir and spruce-fir throughout area. 
Arnica latifolia Bong. var. latifolia; Broadleaf arnica; 544; rare 
in vernal stream bed in aspen north of Big Meadow. 
Arnica mollis Hook.; Hairy arnica; 343; common in fir and spruce; 
infrequent in aspen at Hart's Weather .Station. 
Arnica parryi Gray; Rayless arnica; 1230; occasional in fir and 
spruce-fir north of Big Meadow. 
-Artemisia ludoviciana Nutt. ssp. ludoviciana var. latiloba Nutt.; 
Sagebrush; 494; frequent in Big Meadow. 
Artemisia tripartita Rydb.; Threetip sagebrush; scattered locations 
with past grazing pressure throughout School Forest. 
Aster engelmannii (D. C. Eaton) A. Gray; Engelmann aster; 559; 
o~casional in aspen and common in fir and spruce-fir through-
out School Forest. 
Aster foliaceus Lindl. var.· canbyi Gray; Alpirte leafybract aster; 
508; connnon in Big Meadow~ occasional in aspen and fir north 
of Big Meadow, infrequent in spruce-fir north of Big Meadow. 
Aster integrifolius Nutt.; Thickstem aster; 485; connnon in meadows 
and infrequent in aspen throughout School Forest. 
Crepis acuminata Nutt. ssp. acuminata; Tapertip hawksbeard; 493; 
rare in Doc's Meadow. 
Erigeron eatonii Gray var. eatonii; Eaton fleabane; 480; occasional 
in Big Meadow and aspen north of Big Meadow, infrequent in 
fir north of Big Meadow. 
Erigeron peregrinus (Pursh) Greene ssp. callianthemus (Greene) 
Cronq.; Peregrine fleabane; 497; abundance unrecorded, in fir 
near A-frame. 
Erigeron speciosus (Lindl.) D.C. var. macranthus (Nutt.) Cronq.; 
Oregon fleabane; 546; common in meadows and aspen, occasional 
in fir and spruce-fir throughout School Forest. 
Helianthella uniflora (Nutt.) Torr. & Gray var. uniflora; Oneflower 
helianthella; 434; rare in vernal stream bed at Big Meadow, 
rare in aspen north of Big Meadow. 
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Hieracium albiflorum Hook.; White hawkweed; 504; occasional in 
fir and spruce-fir throughout School Forest. 
Hieracium scouleri Hook.; Woollyweed; 550; common in meadow and 
aspen, occasional in fir and spruce-fir throughout School 
Forest. 
-Madia glomerata Hook.; Cluster tarweed; 477; common in meadows, 
especially under heavy grazing, occasional in aspen and rare 
in spruce-fir north of Big Meadow. 
Rudbeckia occidentalis Nutt. var. occidentalis; Western coneflower; 
infrequent in meadows and connnon in aspen throughout School 
Forest, common in fir north of Big Meadow, and infrequent in 
spruce-fir along Sinks Road at Hart's Weather Station. 
Senecio crassulus A. Gray; Thickleaf groundsel; 486; common throughout 
School Forest. 
Senecio intergerrimus Nutt. var. exaltatus (Nutt.) Cronq.; Lambs-
tongue groundsel; 579 and 669 (large leaved form); infrequent 
in meadow, aspen, and fir and north of Big Meadow. 
Senecio serra Hook.; Groundsel; 595; common in aspen, occasional in 
Big Meadow and connnon on grazed meadows along Jebo Ridge, 
occasional in fir, and 9ccasional in spruce-fir north of 
Big Meadow. 
Senecio streptanthifolius Greene; Butterweed groundsel; 315 and 
486; found scattered throughout School Forest, generally more 
common in meadows. 
Taraxacum officinale Weber; Common dandelion; 370; occasional and 
scattered throughout School Forest. 
Tragopogon dubius Scop.; Yellow salsify; 484; occasional in aspen 
north of Big Meadow and on Jebo Ridge. 
Class LILIOPSIDA 
JUNCACEAE 
Juncus confusus Coville; Colorado rush; 605; rare in vernal stream 
bed near fir in Big Meadow. 
Juncus drummondii E. Meyer; Drummond rush; 606; common only in 
seepage in Big Meadow 
Juncus longistylis Torr.; Longstyle rush; common only in seepage 
in Big Meadow. 
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CYPERACEAE 
Carex atrata L. var. erecta W. Boott; Black sedge; 667; rare in 
fir north of Big Meadow. 
Carex egglestonii Mackenzie; Eggleston sedge; 475; rare in vernal 
streams in fir north of Big Meadow. New collection of 
questionable record from Bear River Range. 
Carex phaeocephala Piper; Dunhead sedge; 323; infrequent in aspen 
and fir north of Big Meadow. 
Carex rossii F. Boott; Ross sedge; 603; infrequent in aspen, 
frequent in fir, and spruce-fir throughout School Forest. 
Carex vallicola Dewey; Valley sedge; 581; frequent on "Sunset 
Ridge" (NW of A-frame) 
POACEAE 
Agropyron trachycaulum (Link) Malte var. glaucum (Pease & Moore) 
Malte; Slender wheatgrass; 425; infrequent in forest under-
story throughout School Forest, except in fir north of Big 
Meadow where common and mostly replacing var. latiglume. 
Agropyron trachycaulum (Link) Malte var. 1atig1urre(Scribn. & Smith) 
A. A. Beetle; Slender wheatgrass; 463; common in meadows and 
aspen, frequent in fir and occasional in spruce-fir throughout 
School Forest. 
Agrostis exarata Trin. var. monolepis (Torr.) A. S. Hitchc.; 
Spike bentgrass; 540; occasional in aspen, rare in fir, 
and spruce-fir north of Big Meadow. 
Agrostis scabra Willd.; Rough bentgrass; 479; infrequent in aspen, 
rare in fir north of Big Meadow. 
Bromus marginatus Nees.; Big mountain brome; 597; common in meadow 
and aspen throughout School Forest, frequent in fir north of 
Big Meadow, and infrequent elsehwere, rare in spruce-fir 
north of Big Meadow. 
Bromus polyanthus Scribn.; Foothill brome; 305; frequent in aspen 
and fir, infrequent in meadow and spruce-fir around Big 
Meadow. 
Deschampsia cespitosa (L.) Beauv.; Tufted hairgrass; 492; rare in 
aspen and fir north of Big Meadow. 
Deschampsia elongata (Hook.) Munro ex Benth; Slender hairgrass; 
500; occasional in aspen, fir, and spruce - fir north of 
Big Meadow and aspen at Hart's Weather Station. 
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Melica spectabilis Scribn.; Showy oniongrass; 289; infrequent in 
Big Meadow. 
Phleum alpinum L.; Alpine timothy; 287; infrequent in vernal stream 
bed in meadow and in aspen-meadow ecotone around Big Meadow. 
Paa cusickii Vasey; Cusack bluegrass; 668; rare in vernal stream 
bed in Big Meadow. 
Paa nervasa (Hook.) Vasey var. wheeleri (Vasey) C. L. Hitchc.; 
Wheeler bluegrass; 356; common in fir and spruce-fir, 
occasional in aspen throughout School Forest. 
Paa trivialis L.; Roughtstalk bluegrass; 501; rare in Big Meadow, 
occasional to frequent in aspen, fir, and spruce-fir 
throughout School Forest. 
Stipa calumbiana Macoun var. calumbiana; Subalpine needlegrass; 304; 
rare in aspen north of Big Meadow or in aspen-meadow ecotone. 
Stipa lettermanii Vasey; Letterman needlegrass; 593; connnon in 
meadows and frequent in aspen throughout School Forest, rare 
in spruce-fir north of Big Meadow. 
Trisetum spicatum (L.) K. Richter ssp. majus (Rydb.) Hulten; Spike 
trisetum; 499; common in aspen, fir, and spruce-fir through 
School Forest. 
Trisetum spicatum (L.) K. Richter ssp. malle (Kunth) Hulten; Spike 
trisetum; 334; infrequent in Big Meadow, rare in aspen DOrth 
of Big Meadow. 
LILIACEAE 
Erythranium gzandiflarum Pursh; Lambstongue fawnlily; 298; common 
throughout School Forest after snowmelt. 
Veratrum califarnicum Dur. var. californicum; California false-
hellebore; 312; found only in wet area east of Sink's Road 
in Doc's Meadow. 
ORCHIDACEAE 
Corallorhiza maculata Raf.; Spotted coralroot; 316; rare in aspen 
north of Big Meadow. 
Goodyear oblongifolia Raf.; Western rattlesnake plantain; rare in 
scattered fir and spruce-fir stands (east of Big Meadow, 
southwest of Hart's Weather Station). 
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Habenaria unalascensis ~prengel) S. Wats.; Alaska habenaria; 458; 
rare in meadow at cattle guard on Sink's Road. 
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APPENDIX C 
BIOMASS DATA 
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Table 12. Abundances of herbaceous taxa in the Utah State Universi-
ty School Forest in 1977. Number~ 2indicate mean daily gross photosynthetic biomass (gm ) over the snow-free 
season for the study grids only. Letters refer to abun-
dance and location codes and are given for taxa which were 
locally present but not enumerated in the biomass samp-
ling. See footnote for code descriptions. 
Taxon 
Ach illea T.i~1e folium ssp. 1anulosa 
Jigastache urtic ifolia var. u. 
.~gcseri s a~~a.r1tiaca var. a . 
Agrop~ro~ crachycaulu m var. glaucum 
. ~. t. v3r. l ati.g l!.:me 
.:igoseris exarata •1ar. nonolep is 
A. sca2;ra 
Androsace filifo rmis 
An tennaria microphylla 
Aqui legia coerulea var. ochroleuca 
Ar abis Cru:nrrto~dii 
!.rer.aria. co!1gesta var. c. 
-~~nica spp. 
A. cordifo;ia var. cordifolia 
A. :r.ol;is 
.ll. parryi 
Aster sp:,. 
r1. en']elmanii 
A. f 02; aceus var. canbyi 
A. integrifolius 
Astra0"alus miser 
barbarea orthoceras 
Br omus mar~inatus 
li. pol'::·ar,thus 
Carex a tra ta var. erecta 
C. eg'.)l'!!s ton ii 
' C . ph~e::oceph al..1 
C. rossii 
C~stilleja ~,iniata var. m. 
ChencL?OCium fremontii 
Clayt on.:a ch dmissoi 
C. l,.1nceolaca v~r. 1. 
,.:o2lirisi-'I parviflor,~ 
Collonia 1.inearis 
Coralloz·hi Z:'.l mac:ila ta 
Lref>is acuminata ss~. a. 
Delphinium nuttallianum var. n. 
Uescha .rr.psi a c1:s[>i tosa 
D. elon,,ata 
Desc1.Jrainir1 =ic .',ardsonii var. sonnei 
Dic ,;,ntz;, uni flora 
urabr. stP.noloba var. nana 
Epi1obiu m 3r.gustifolium 
E. brachc.1carpwn 
E. la.ct iflor:.im 
F.riq~u,n ~.-,ton i.i var. R. 
C. r,ei.·e-;T inus risp. callianthemus 
E. :;pt:Ci os us V.'.lr. macranthus 
Eriogor.unr .~er,,cleoidesl 
Crysimum asp-erum ~Jar. purshii 
!..'r1  t.~a·c,r.i um c_Jra r,,; ..,f lorum 
Fr.=.':.Jdr.ia ·.1esca var. i>ract~ata 
G,il i um bi~olii..m 
,,ayophyt;;m nuttallii 
c,~r a ni:..im r .~c.·hardsonii 
G. visc:osissi.mum va~·. ner v-osum 
Gilia ~':f.r;gr~-~atc. 
Good '.,1:rc. ,,blon,Jif::,lia 
Hahenaria unalascensis 
Hack~1.ia :nicranthr= 
Helianthella t.:niflc,ra var. uniflora 
Hes_ne~ochir :•:z pt.:.~ulis 
Meadow 
1.583 
(I ,C) 
2.244 
o. 730 
1.159 
1.008 
0.972 
1.164 
0 . 028 
0.012 
0.00005 
0.057 
(S,V) 
0.028 
(O, V) 
0.361 
(O,W) 
6.519 
1. 35~ 
0.127 
0.001 
0 . 310 
1. 278 
6.8i8 
( s. \') 
(I,\') 
Seral 
Aspen 
0.418 
0 . 027 
0.051 
(:;:, C) 
1.317 
0.011 
(I,C) 
(I, W) 
0.)15 
0 .2 23 
+ 
'.). 002 
0.053 
0 . 052 
(I, V) 
(? 'V) 
0.951 
0.053 
(I, V) 
(I ,C) 
0.011 
0.026 
0.011 
0.005 
0 . 0007 
0.043 
0.00001 
0.0')5 
0.001 
0.01)03 
O.C25 
0.00006 
(O, W) 
5.146 
1-196 
0.031 
0.056 
0 . 0003 
O.OOA 
0.010 
0.129 
fl. lJ/, 5 
o. -::;:> 
o. 7-32 
Ensemble 
Fir 
1. 978 
1.813 
0 . 075 
0.0004 
0 . 001 
0.019 
(I,C) 
0.101 
0.025 
(S,C) 
0.012 
0.011 
0.103 
0.015 
l. 664 
0.134 -
(?, V) 
2.447 
0.054 
(S,C) 
(S, C) 
(I,\-') 
0.106 
(I ,C) 
(!,C) 
0.040 
0.007 
O.GOS 
0.001 
(S,C) 
0.002 
l.460 
0.022 
(I, V) 
0.005 
().1)7 5 
(I ,C) 
(S,V) 
0.119 
(I• W) 
0.275 
0.000001 
0.003 
O.OV, 
0.242 
C.002 
(i: '\·) 
0.499 
• 
Spruce-Fir 
fl.440 
0.000006 
0.026 
O.C\05 
0.0005 
0.0'.)2 
(O,C) 
0 . 105 
C.0003 
0.153 
0.014 
1. 584 
(I,C) 
(? 'V) 
(S,C) 
0.001 
0.019 
0.051 
(I, V) 
0.013 
0.021 
0.003 
0.004 
0.002 
0.001 
0.006 
0.00003 
0.022 
0.008 
0 . 050 
0.018 
0.0004 
0.000007 
0.024 
0.086 
(l,V) 
0 .02 6 
Table 12. Continued. 
Taxon 
Hieracium albiflorum 
H. scouleri 
Hyd r oph yllum cap i tatum var. c. 
Juncus conf usus 
J. drummondii 
J. longistyl i s 
Lat hy rus lands wertii 
Le wi sia tr i phylla 
Ligusticum fil i c i num 
Li nanthus septentrionalis 
Lithophragma bulbifera 
Lupinus argenteus var. rubricaulis 
L. lepidus var. utahensis 
Hadia glo mer ata 
1-!elica spectabilis 
Nemophila breviflora 
Orobanche uniflora var. purpurea 
Orogenia linearifolia 
Osmorhiza chilensis 
O. occidentalis 
Pedicularis rac emosa var. alba 
Penstemon cyant h us ssp. c. 
Phacelia hastata var. alpina 
Phleum alpinum 
Poa cusickii 
P. nervosa var. wheeleri 
P . trivialis 
Polygonum bistortoides var. oblong i folium 
P. douglas i i var. d. 
Potentilla arguta var . convallaria 
P. gracilis var. elmeri 
Pyrola secunda 
Ranunculus alismaefolius 
R. jovis 
Rudbeckia occidentalis var. o. 
Rumex paucifolius 
Selaginella watsonii 
Senecio spp. 
S. crassulus 
S. intergerrimus var. exaltatus 
S. serra 
S. streptanthifolius 
Sidalcea oregana var. o. 
Spergularia rubra 
Stellaria jamesiana 
Stipa columbiana var. c. 
S. lettermanii 
Taraxacum officinale 
Thalictrum fendleri 
Tragopogon dubius 
Trifoli um longipes var. reflexum 
Trisetum spicatum ssp. majus 
T . s. ssp. molle 
Valeriana occidentalis 
Veratrum califcrnicum var . c. 
Veronica serpyllifolia var. humifusa 
Vicia americana 
Viola spp. 
V. adunca var. a. 
V. canadensis var. rugulosa 
v. nuttallii var. major 
v. purpurea var. venosa 
:-!eadow 
1 . 971 
0.007 
(I,CX) 
(? , CX) 
(?,CX) 
0 . 00008 
0.010 
0.122 
(I,V) 
0.162 
0.017 
0.016 
0.007 
(I, V) 
(I,CX) 
0.005 
(F, CX) 
0 , 888 
12.207 
(I,ClC) 
0.072 
0.003 
{O,CX) 
0 . 0006 
(I,V) 
(O,W) 
0.002 
(C.C) 
(I, V) 
0.655 
0.162 
0.010 
0.035 
(F, VX) 
(F,CX) 
0 . 00005 
0 . 006 
(F,C) 
Se ral 2nsemble 
As pen 
0 . 305 
0 . 048 
(F,V) 
(I, C) 
0 . 121 
0 . 0002 
... 
2 . 594 
0.0 26 
0.0001 
0.011 
0 . 550 
(I , C) 
0.074 
0.040 
(I,V) 
(I ,W) 
0.028 
0 . 108 
0 . 396 
1.119 
(I ,C) 
... 
0.0005 
0 . 677 
0.0009 
0.170 
(I, V) 
1.037 
0.013 
(O,C) 
0.639 
0.021 
0.343 
0 . 005 
(0 ,W) 
(O,C) 
(0 ,C) 
0.011 
0.136 
(I ,W) 
(F, V) 
0.002 
0.004 
(S, W) 
0 . 118 
0.003 
Fir 
0.035 
0 . 028 
0.029 
1. 765 
0.00005 
(S,C) 
0.000008 
'). 523 
0.026 
0.311 
0.252 
0.082 
0.013 
0.200 
0.003 
(O,V) 
0 . 0002 
6.293 
(I, W) 
0 . 001 
1.469 
0 . 015 
0 . 010 
(I,V) 
0.937 
0.015 
0.125 
0 . 155 
(I,C) 
0.00002 
0.014 
0.167 
0.003 
l DP.ciduous sub-shrub , sampled for current year biomass only 
145 
Spr uce-Fir 
0 . 072 
0 . 010 
0. 422 
(I,C) 
0.0001 
0.00006 
0 . 061 
0 . 595 
0 . 328 
0.201 
0 . 009 
0.054 
(I, W) 
(O,V) 
(I,C) 
0.624 
(O,W) 
0 . 011 
0.629 
0.0002 
0 . 0002 
0. 415 
0.019 
0.008 
Abundance & location codes: S • single population, I• infr~quent, 0 • occasional, F • fre-
quent, C • common; W • ~ithin grid, C • contiguous seral st~ge, V • vicinity, X • in atypical 
mesic habitat (i .e. seeps and vernal stre am beds);•• in ecotone with ajoining seral stage. 
Table 13. Net standing c!aps (y? ± standard error) by taxa for the Meadow seral ensemble during 1977. 
Weights in gm l n~v~ 40. 
T11xon 1st sampling 2nd sampllng 3rd sampllng 4th sampling 5th sampllng 91r :!:_si 91r :!:.5 x Y1r :!:_sx Y1r :!:.5 x 91r :!:_sx _____________________ ::..:,_ __;; ___ ....:... ___ _;;_ ___ ..::.;:_'-------'"-----..:.::.---__::__ __ ~ 
Gilid ayyrc9 a ta 
111·011111s ma rg inatus 
Ar a bis clrummondii 
Claytonia lanceolata var. 1. 
Achillca mill e folium ssp. lanulosa 
E:riO<Jonum heracleoid~s 
Cu llinsia : •.u-v i flor;,l 
De lphin i um nuttallianum var. n. 
l,upinus ar gent e us va r. i ·ubricaulis 
Oroa e 11.ia 1 ineari folia 
Gc rdnium vi s cosissimum var. nervosum 
Stip .. 1 1,•tt e rnunii 
Ranunculus _iovis 
l'ot :entill a ar9uta var. convallaria 
rz ·iger o n spe ciosu.,; var. macranthus 
/>ollJ<1011um dou rrlasii var. d. 
Li tlto11/1n 1yma bul bi fer a 
Antunn a ria mi c rophylla 
F.n1t hron } um <1candiFlorum 
Aqrop11ron tra c ltyca11l11m var. latiglume 
Ste.I .l .. 1r ia _iamC'siana 
Hadia 9 lom e rata 
llydropltyl1111n capitatum var. c. 
Rudbcckia occidentalis var. o. 
lli .:•rac .ium sc oul e ri 
Gayop/t11tum nuttal 1 ii 
Collomi a lin earis 
E:_oi lobi i;m brach 1 carpum 
r;aJium bifolium 
Viola adunca var. a. 
Li11a11tllus s e ptentrionalis 
Aster inte i1rifolius 
l'e nstcmon cya11thus !ISfl, c. 
Sen ecio crassulus 
Tara,racum officinale 
Me lica spect,1bilis 
Viola nuttallii var. major 
f>oa trivalis 
0.912 
0.032 
o. 454 
0.005 
0.004 
0.024 
0.132 
0.022 
0.246 
0.004 
* 
* 
0.857 
0.036 
o. 222 
o. 01, 7 
0.165 
0.119 
0.160 
0.016 
0.117 
0.139 
0. 105 
0.619 
1.323 
0.041 
0.074 
0.074 
0.482 
/). 250 
0.09) 
0.073 
0. 041 
0.002 
0.035 
0.034 
0. 010 1 
0. 0611 
0. 0461 
0.355 
0.114 
0.071 
0.030 
0.097 
* 
0.038 
0.011 
0.048 
0.089 
0 , 095 
0.144 
0.392 
0.028 
0.057 
0 . 030 
0.246 
0.098 
0.035 
* 
* 
* 
* 
* 
3.528 
0.732 
0.842 
0.036 
0.218 
2.126 
0.053 
0. 722 
0 . ()20 
2 . 537 
0.4)8 
0.010 
22.928 
l .650 
0.401 
0.010 
1. 710 
o. 555 
J.427 
1.)64 
0.227 
0.055 
o. 455 
0.170 
0.148 
0.111 
0.012 
0.0006 
0.001 
0.00007 
0.082 
O.Ofl7 
0.118 
0.208 
0.864 
0. 295 
0.293 
0.016 
0.142 
1.481 
0.058 
0.641 
0.014 
l.')59 
0.314 
* 
4.631 
0. 792 
0.171 
* 
0.914 
0.165 
J .002 
o. 394 
0.115 
* 
0.407 
0.054 
0.082 
0.062 
* 
* 
* 
* 
* 
* 
* 
* 
6. 292 
2.205 
0. 765 
4. 314 
7.462 
0.0007 
0 . 023 
0.019 
4. 046 
0.167 
21.055 
60.220 
I.. 402 
0.818 
0.076 
3.867 
1.995 
0 . 393 
0 . 001 
6.952 
l. 313 
0.395 
1.682 
0. 772 
0.010 
0.030 
2 .121 
0.850 
O.JOO 
2.710 
3.856 
* 
0 . 036 
* 
1.607 
* 
11. 641 
23. 911 
0.829 
* 
0.157 
l.69Q 
o. 749 
0.197 
0.313 
0.201 
0.486 
12.873 
2. 378 
1. 715 
3.708 
0.145 
2.059 
0 . 367 
21.496 
2.374 
1.034 
0.667 
1.806 
0.115 
J. t,6 7 
0.133 
5 . 98) 
4.060 0.931 
1. 857 
4.118 
0.267 
0.797 
6.)51 
0.674 
0.028 
0. 772 
5.600 
0.0)5 
0.017 
1.176 
1. 526 
0.226 
0.33) 
3.688 
0.150 
... 
0.486 
r-6th sampling 
9 :!:_sx 
8.130 ).450 
0.5)8 0.280 
1.720 0.684 
0.016 0.016 
0.016 0.016 
0.275 0.129 
0. 070 o. 048 
Table 13. Continued. 
'!'axon 
Trisetum spicatum ssp. molle 
Aster foliacuus var. canbyi 
Senccio streptanthifolius 
Bromus polyanthus 
1st sampling 2nd sampling 3rd sampling 
9 lr ±_sit ii lr ±_sic 91r ,±.sit 
4th sampling 
9 lr ±_sx 
0.532 * 
0.434 * 
5th sampltng 
9 lr ±_sic 
7.793 
0.012 
* 
* 
r--6th sampling 
9 +s_ 
- X 
2 
In second sampling Collim,ia parviflora consisted of· misidentified individuals of Gayophytum nuttallii, Collomia linearis and E:pilobium 
brachycarpum. Weights of the latter three taxa were estimated using the proportions of these in the third sampling period. 
Simple rnndom sampling mean ([i). 
* Indicates standard error not available; part of minor species regression. 
Table 14. Net standing cE~ps (Yz ± standard error) by taxa for the Aspen seral ensemble during 1977. 
Weights in gm n; ~ 40. 
T,1xon 
---------
C]a,, t onia lanceo.lata var. 1. 
Delphinium nuttallianum var. n. 
criot.1on11m heracleoides 
Luoinus ar r1cntcus var. ruhricaulls 
OrO<Jania 1 i n,,ari fol la 
Stir,a J,Jttarmanii 
F:rigeron speciosus vAr. macranthus 
Oromus mar!/i na tus 
llr;ibis clru,nmondi i 
Achillca millefolium ssp. lanulosa 
l'oa t1 ·ivialis 
f'ra9aria vesca var. bracteata 
ll11tc nnaria microphl/lla 
l'cnst cmon c11anthus ssp, c. 
l'otcntil la arguta var. c:onvallaria 
Nemop/li la brcv .iflora 
/lr1ro01/ron trachycaulum var. latiqlume 
Ruclbeckid occidantalis var. o, 
Vi<>/ <1 purourei.J var. venosa 
Viol.1 nuttallii var. major 
l'oa nervosa var. wheeleri 
Trist... 1 tum s picc1tum SS!'J. majus 
neschampsia c:espitosa 
Coll iusia narviflora 
1/ackt • l ia micrantha 
ll11droph11llum capitatum var . c. 
S tellaria jamPsiana 
f:n1tl1roniurn granrli f lorum 
lli e racium scouleri 
/>a<licularis racemosa var. alba 
ll g rostis cxarata var. monolepis 
Geranium viscos .issimum var . nervosum 
Ranunculus jovis 
Coral lorhiza maculata 
Via .la arlunca var. a. 
Osmoi-l1iza chilensis 
Scnecio crassulus 
·raraxacum officinale 
1st sampling 
Y1r :ts; 
0,018 
0,004 
0,122 
n.021, 
0,018 
0.00 ·1 
0.0)1 
0.092 
0.015 
0.023 
().121 
(),005 
0.001 
0.188 
0.065 
0.002 
0.Ol 4 
0.050 
0.045 
0.09S 
0,()'l1 
0,031 
0.0002 
0.021 
(),()05 
0.104 
0.015 
0.012 
0.002 
0.093 
0.037 
0,()1) 
0.024 
0.264 
* 
* 
* 
* 
* 
... 
* 
* 
* 
* 
* 
ft 
2nd sampling 
glr :t_sx 
ll. 154 
0.267 
1.628 
0.411 
0.053 
0.127 
l. ?.14 
o. 289 
0.546 
0.186 
0.293 
O,Jl2 . 
0,069 
0. -457 
1.108 
0. 722 
0.151 
0.046 
0, 105 
2.042 
0,118 
0.904 
0.497 
0.621 
0.134 
0.119 
0.107 
0.005 
0,007 
0.967 
0.0)5 
0.001 
0,044 
0,090 
0.1120 
0.16/t 
0.017 
(),110 
0.798 
0.107 
0.115 
0.06) 
0.104 
0.229 
* 0,267 
0,)03 
* 
0.060 
* 
0.061 
1.442 
0.030 
ll.189 
0.643 
0.593 
0.126 
0.098 
* 
* 
* 
* 
* 
* 
3rd sampling 
+s_ 
- X 
0.017 
0.048 
6.036 
8.147 
0.015 
0.791 
5.141, 
0.972 
0.008 
0.844 
0.019 
1.340 
0,060 
6.653 
1. 324 
2.363 
0. 375 
0.053 
0 . 457 
0 . 014 
0,066 
0.044 
0,969 
0,080 
0.717 
0,41,0 
0.0004 
0.011 
0.001, 
2. 292 
0.0110 
0.005 
0.008 
0,014 
3. l 62 
2.359 
0.012 
0.518 
2.106 
0.363 
0.006 
0. 240 
0.015 
o. 774 
* 
2.801 
o. 502 
* 
0.116 
... 
0,186 
0.028 
* 
0.05) 
0.415 
* 
0.11~7 
0.267 
"' 
* 
* 
1.028 
* 
* 
4th sampling 
Y lr :t_sx 
0.1% 
0.398 
0.151 
11.11)4 
4.255 
0.597 
1. 042 
0 . 401 
0.053 
0.137 
1.)20 
9.675 
0.191 
0.397 
0.012 
0.259 
).180 
1.196 
0.0l3 
0.009 
0.859 
o. 212 
0.041 
* 
0.227 
* 
3. 11 L 
1.004 
0.191 
o. 245 
0.150 
* 
* 
0.548 
4 .119 
0.083 
"' 
"' 
* 
0 . 629 
0.478 
* 
II 
0.)95 
0.172 
* 
5th sampl l.!!JL 
91r ±5 ;., 
2.232 
9.801 
1.408 
20. 942 
l. 925 
0.535 
1.137 
0.023 
o. 592 
0.032 
0.984 
5.791 
0,283 
0.109 
0.15) 
0.134 
0.249 
0.446 
0.06<1 
0 . 512 
0.272 
0,015 
0.368 
0.920 
0.957 
4.608 
0.1129 
6.576 
0.865 
* 
I . 066 
0.035 
0.462 
. 
0.)54 
1.526 
* 
0.066 
0. )7/, 
0.085 
0. l 60 
0.116 
* 
0.228 
II 
o. 256 
0. 763 
Table 14. Continued. 
TaKon 1st Sal'lp!_~ 2nd sampling . 3rd 
iilr +s_ 91r :!:_sll iilr - X 
- - - -----------------------------------------
AstL'l · cnqelmannii 
Po I •1~1011um douq I as ii var. d. 
Scnccio s urca 
Li thop/Jragma bul bi fer a 
Ast e r spp. 
Viola spp. 
llyoser i s aurantiaca var. a. 
Uromus polyanthus 
V.~schampsia clonqata 
r.rl/simum asperum var, purshii 
Epilobium brachycarpum 
Madia glomerata 
Collomia 1 im,ar is 
Calium bifolium 
Draba stcnoloba var. nana 
Ga11op/111 tum nut ta 11 i .i 
Descurainia richardso11ii var. sonnei 
Ast er foliaceus var. canbyi 
Stipa columbiana var. c. 
I/ e l ia11thella uni flora var. u. 
Gi 1 ia ,1!1':}r ega ta 
E:pi labium lactiflorum 
Castill eja miniata 
Tris c tum spicatum ssp. molle 
Agastac/1 e urticifolia var. u. 
Sencc i o streptanthifolius 
Linanthus septentrionalis 
Scnecio spp. 
* Indicates standard error not available; 
0.0005 
0.004 
0.272 
0.048 
9.027 
part of minor species regression . 
* 
* 
* 
* 
* 
0.405 
1. 405 
1. 264 
0.199 
0.137 
0.002 
0.032 
0 . 057 
0 .0 04 
0.029 
0.073 
0.007 
0.2)8 
0.0013 
0.057 
0.00] 
0.013 
sampling 
+s_ 
- X 
0.129 
0,430 
* 
0.076 
0.107 
* 
* 0.0)6 
* 
* 0.0)1 
0.021 
0. 217 
* 
* 
* 
* 
4th sampling 
91r +s_ 
- " 
o. 916 
* 
0.485 0.149 
5.680 2.201 
0.031 0.020 
0.154 0.077 
0.382 0. 214 
0.042 
* 
0.032 * 
0.020 
* 0.099 * 
0.013 
* 0.001 * 
0.005 * 0.011 
* 
0.022 
* O.L,78 
* 
5th sam1•l lna 
91r +s_ 
- " 
1.966 l. 028 
0.201 * 
0.030 * 
0.000) * 
0.164 • 
0.117 0.064 
0.132 0.132 
0.001 * 
0.05) 
"' 
0.112 
* 
o. 01,3 0.041 
6.182 * 
0.158 * 
0.0005 * 0.05/l 
* 
0.085 
* 
0. 210 * 
0.099 * 
,--
Table 15. Net st~2ding,crops (Yzr ± standard error) by taxa for the Fir seral ensemble during 1977. Weights 
in gm . n = 40. 
Taxon 
Clagtonia lanceolata var. l. 
Ergthronium grandiflorum 
Osmorhiza chilensis 
Rudbeckia occidentalis var. o. 
Stellaria jamesiana 
Viola nuttallii var. major 
Agropyr ·on trachgcaulum var. glaucum 
Ac/1illea millefolium ssp. lanulosa 
Vraba stenoloba var. nana 
~pilobium lactiflorum 
/:.'rigeron speciosus var. macranthus 
Geranium viscosissimum var. nervosum 
Ligusticum filicinum 
l'otcntilla arguta var. convallaria 
l'oa trivialis 
Senecio crassulus 
Aster · engelmannii 
Hydrophgllum capitatum var. capitatum 
Androsace filiformis 
l'oa nervosa var. wlieeleri 
/lromus margi na tus 
Car< .'X rossi i 
Des curainia ric:hardsonii var. sonnei 
~pilobi um brachgcarpum 
Collinsia parviflora 
Senecio intergerrimus var. exaltatus 
Viola adunca var. a. 
Pedicularis racemosa var. alba 
8romus polganthus 
Trisetum spicatum esp. majus 
l\rahis drummondi i 
Sen ecio spp. 
Gilia aggregata 
Galium bifolium 
1/ac:kelia micrantha 
7'araxacum officinale 
Collomia linearis 
Viola purpurea var. venosa 
ls t sampling 
+s-
- x 
0.222 
1,166 
0. 708 
4.666 
0.732 
2.507 
0.480 
0.029 
0.525 
0.168 
0.185 
0.093 
0.553 
0.080 
0.097 
0.002 
o. 395 
0.053 
0.008 
0.090 
0.012 
0.014 
0.144 
0.023 
0.009 
0.222 
0.019 
0.065 
0.299 
0.325 
0.891 
0.176 
l.004 
0.114 
0.020 
* 
0.261 
0.091 
0.051 
0.249 
0.030 
0.040 
* 
* 
0.044 
* 
0.046 
* 
* 
* 
* 
* 
0.188 
* 
2rid sampling 
Y1r +s; 
0.143 
1.380 
2.452 
17.765 
2.677 
0.381 
7.737 
0.801 
0,082 
0.291 
0.988 
0.600 
6.218 
0.802 
0.009 
4.737 
2.836 
0.111 
0.044 
0.737 
0.239 
0.119 
0.392 
0.073 
0.063 
0.208 
0.034 
0.236 
0.212 
0.351 
0.014 
0.026 
O.Ol,O 
0.691 
0.001 
0.0009 
0.037 
i0,076 
0.499 
1.261 
5.770 
0.864 
0.155 
2. 713 
0.311 
0.058 
0.291 
0.767 
0.427 
2.631 
0.434 
0.013 
1.557 
2.577 
0.037 
0.031 
0.591 
0.520 
0.155 
0.274 
0.063 
0.036 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
• 
• 
3rd sampling 
ii lr +s; 
0,251 
ll.156 
2.761 
0.889 
2.394 
11.010 
0.023 
0.158 
1.234 
1.569 
3.955 
0.261 
0.184 
3.620 
2.292 
0.037 
0.004 
0.527 
14 .109 
0.064 
10.046 
0.293 
0.067 
0.232 
0.002 
0.448 
0.015 
0.036 
0.135 
4 .188 
2.052 
0.559 
1.201 
3.859 
0.015 
0.134 
* 
0.924 
l .43 3 
0.204 
0.320 
1.302 
* 
• 
• 
0.362 
6 .128 
0.068 
4.445 
• 
* 
• 
• 
• 
• 
0.028 
4th sampli..!!.S_ 
y lr +s; 
0.408 
0.791 
1.817 
0.010 
0.307 
I .129 
0.038 
0.033 
3. l 15 
0.014 
0.277 
0.869 
7.009 
0.090 
0.314 
2.117 
0.293 
0 .101 
2.476 
0.153 
0.402 
0.008 
0.484 
0.0001 
0.003 
(J.248 
0.486 
o. 750 
• 
• 
0.442 
0.069 
• 
1. 646 
0.013 
0.173 
0.401 
2 .410 
• 
0.595 
1. 293 
0.280 
• 
0.994 
• 
o. 347 
• 
• 
• 
* 
5th samp ll ng 
l}lr +sii 
0.085 
11.016 
0.173 
0.247 
1 .481 
0.033 
0.020 
0 . 177 
0.126 
0.721 
0.547 
0.008 
0.131 
l. 509 
0.004 
0.001 
0,026 
0.137 
l. 766 
0.073 
0.09) 
5.128 
• 
• 
l. 0118 
0.07) 
0.012 
0.104 
0.147 
0.551 
• 
0.012 
0.092 
o. 765 
• 
• 
• 
0.104 
I. 227 
0.058 
-l.n 0 
Tn!)le 15. Continued. 
Tnxon 
Gec.:inium richacdsonii 
lliccacium scouleci 
Arnica cocdifolia var. c. 
Potcntilla gcacilis var. elmerl 
Aquilegia coeculea var. oc/1roleuca 
Arnica spp. 
Frag.:iria vesca var. bcacteata 
Desch.:imps ia e longa t.:i 
Agcopycon trachycaulum var. latlglume 
Acnica mollis 
Pol yqonum douglasi i var. d. 
Agcostis scabca 
Aster foliaceus var. canbgi 
Arnica parcyi 
Thal ictrum fendlcri 
Osmochi Zd occidental is 
Viola spp. 
Agcostis exarata var. monolepls 
lliecacium alblflorum 
s~n ecio serra 
Delphinium nuttallianum var. n. 
Ocogc11ia lincacifolia 
Ra11unculus jovis 
Lupinus acgenteus var. rubclcaulls 
1st sarup.l1ng 
91r ±5 x 
0.128 
0.106 
, 0.006 
0.005 
0.084 
0.014 
0.0001 
0.002 
0.0006 
0.065 
0.055 
* 
* 
* 
* 
* 
* 
* 
* Indicates standard error not available: part of minor species regression. 
2nd samelini; 
91r ,s_ - X 
0.076 
* 0.002 
* 0.004 
* 0.036 * 0.004 
* 0.00003 
* 0.00002 
* 0.002 
* 0.093 
* 0.016 
* 
3rd sampling 4th sampling 
91r ±sx iilr ±Sx 
0.092 0.071 
0.248 
* 0.126 
* 
0.758 0.518 
0.126 
* 0.915 
* 0.008 0.005 0.031 0.033 
0.010 
* 1.301 
* 0.214 
* 1.323 
* 0.383 
* 0.0003 * 0.006 
* 0.519 * 
5th sampling 
iilr ,s_ 
- X 
0.015 
* 
0.167 * 
0.015 
* 
o. 502 0.306 
0.057 0.050 
0.440 0.418 
0.272 
* 
0.101 
* 
.... 
V1 
.... 
Table 16. Net standing C_E~ps (~7,r ± standard error) by taxa for the Spruce-Fir seral ensemble during 1977. 
Weights in g m n = 40. 
1'nxon 1st sameling 2nd sameling 3rd sam11ling 4th sameHng 5th same l i n__g 
!llr is_ Y1r .ts_ Y1r ts_ Y1r ±5- li1r i S-X X X X X 
Poa ne rvos a var. wheelcri 0.453 0.178 0.604 0.500 0.585 0.376 0.904 0.396 0.007 0.011 
Claytonia ldnceolata var. 1. 0.052 0.036 0.066 0.047 
belphinium nuttallianum vnr. n. 0.046 0.024 
1/ydrophyllum capitAtum var. c. 0.059 0.022 0.029 0.019 
Sem,cio crassulus 0.643 0.303 0.539 0.217 0.632 0.276 0.298 0.147 2.590 1.456 
A rabis dru,rrnonrli i 0.040 0.019 0.450 0.334 0.219 0.139 0.034 0 . 028 0.056 * 
11chi I lea mil le fol i um ssp. lanulosa 0.331 o. 285 0.396 0.263 1.641 0.869 0.519 0.269 0.527 0.120 
Arni ca mollis 0.327 0.116 l.181 0.382 
Potentilla arguta var. convallaria 0.002 0.001 0.016 
* 
0.172 0.135 0.189 . 
* 
0.042 * 
Stclldria jamesiana 0.819 0.207 1.984 0.692 1.809 0 . 381 0 . 323 0.387 o. 108 
* Viola nuttallii var. major 0.027 0.017 0.0003 
* 
0.158 
* 
0.003 * 
Collinsia p.3rviflora 0.007 0.005 0.14 7 0.100 0.003 
* PL"<licularis rac emosa var. alba 0.203 o. 148 0.115 
* 1.463 o. 703 2.355 1.336 0.255 0.228 Osmorhiza chilcnsis 0.078 
* 
0.151 0.047 0.208 
* 
0.014 0.009 0.047 * Erythroniwn yra11diflorum 0.076 * 0.095 0.052 
nral,~ st en olobil var. nana 0.045 
* 0.016 * 0.002 * Tris etum spi catum var. majus 0.112 
* 0.828 1.008 1.306 0.557 0.380 0.242 0. 775 0.452 
Poll} !J011um douglasii var. d. 0.005 
* 
0.081 0.071 0.00009 
* 
0.011 
Oroy,mia lin carifolia 0.0007 
* 
Po.'1 trivi.il is 0.002 
* 0.661 o. 437 0.227 0.126 0.338 0.155 0.335 o. )22 F.pi lob/um ]act i f.lorum 0.008 
* 0.021 0.012 0.008 * 0.035 * Epilobium angustifolium 0.0003 
* 11stt1r e ng e lmannii 0.030 
* 1. 081 o. 734 0.003 * 9.383 3.602 1.404 ] . 033 Arni ca cordi folia var. c. 0.003 
* Ligustic:um filicinum 0.034 
* 
0.181 
* 
2.499 
* 
1.542 1.226 
Erig L"ron spec:iosus var. macranthus 0.006 
* 
0.566 
* 
0.145 
* Gf''C.:Jnium viscosjssimu,a var . necvosum 0.0004 ft 0.0002 
* 
0.621 0.469 0.077 
* CJrex ro s sii 0.082 0.052 0 .1 94 0.096 0.107 0.077 0.062 0.049 
lli era cium albiflorum 0.692 0.330 0.018 0.021 o. 049 * Scnecio s tr e ptanthifolius 0.181 0.194 
Viola ,,urpuc ea var. venosa 0.121 0.225 
/Jromus marginatus 0.019 
* 
nromus polyanthus 0.298 * Dcscurainia richardsonii var. sonnei 0.022 
* f"ragilria vesca var. bracteata 0.006 
* 1/Jck e lia mic:rantha 0.407 
* Agos e ris aurantiaca var. a. 0.0001 
* I-" Collomia 1 in ea r is 0.007 0.011 
* 
0.005 
* 
V, 
N 
Table 16. Continued. 
Tnxon 
A11dro.-;acc fj 1 J formis 
Agropyron trachycaulum var. glaucum 
Mad iii glomera ta 
Aqz·opyron trachycaulum var. la tlg lume 
Deschampsia elongata 
Ge ran i um richardsonii 
Arni ca parryi 
Epilobium brachycarpum 
Tacaxacum officinale 
Ga lium bifolium 
Stipa lettecmanii 
Agcostls cxarata var. monolepis 
1st _!l.,!!_mJ?..!..!..!!L 
y lr 15 x 
* indicates standard error not available: part of minor species regression. 
2nd sampling 3rd sampling 
ii lr 1sic ii lr !Sic 
0.198 
* 
0.038 
* 
0. 295 
* 0.209 0 . 223 
0.333 0.257 
0.003 
* 0.0001 
* 0.003 
* 0.007 
* 
4th sampling 
ii lr !Sic 
0.030 
* 0.200 
* 0.002 
* 0.040 
* 
5th sampling 
iilr ±5;; 
0.022 * 
0.039 
* 
I-' 
V, 
w 
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Table 17. Percentage of weights in Tables 13-16 attributable to current 
year necromass. 
Seral ensemble-Sampling interval 
Taxon 
Meadow-7 
Stellaria jamesiana 
Collomia linearis 
Delphinium nuttallianum var. n. 
Meadow-8 
Bromus marginatus 
Epilobium brachycarpum 
Gayophytum nuttallii 
Stellaria jamesiana 
Madia glomerata 
Collomia linearis 
Aspen-8 
Fir-7 
Fir-8 
Achillea millefolium ssp. lanulosa 
Madia glomerata 
Stellaria jamesiana 
Osmorhiza chilensis 
Stellaria jamesiana 
Carex rossii 
Bromus polyanthus 
Senecio crassulus 
Achillea millefolium ssp. lanulosa 
Osmorhiza chilensis 
Trisetum spicatum ssp. majus 
Bromus marginatus 
Poa trivialis 
Stellaria jamesiana 
Fir-9 
Osmorhiza chilensis 
Bromus marginatus 
Achillea millefolium ssp. lanulosa 
Spruce-Fir-8 
Poa trivialis 
Stellaria jamesiana 
Trisetum spicatum ssp. majus 
Carex rossii 
Potentilla a~guta var. convallaria 
Achillea millefolium ssp. lanulosa 
Ligusticum filicinum 
Poa nervosa 
Percentage 
11.300 
61.498 
42.537 
5. 214 
0.613 
1.674 
15 .276 
44. 572 
100 .000 
6.393 
25.108 
19.081 
4.920 
3.657 
10.246 
20.558 
1.190 
12.953 
10. 922 . 
3.926 
6.467 
26.228 
69 .387 
75.912 
4 .401 
24 .016 
15. 453 
28.694 
62.032 
31.699 
3.851 
2.091 
47.041 
0.609 
Table 17 (continued). 
Seral ensemble-Sampling interval 
Taxon 
Spruce-Fir-9 
Osmorhiza chilensis 
Stellaria jamesiana 
155 
Percentage 
50. 382 
68.362 
156 
APPENDIX D 
DOUBLE SAMPLING THEORY 
157 1 , 
Consider two estimators of. a sample mean y: one is an expensive 
technique which yields an · estimate with low error; the second is a 
comparatively inexpensive technique which yields an estimate with high 
error. One method for estimating y is a double sampling procedure in 
which n units out of a sample size of n.,, units is estimated using both 
techniques. The remaining n.,, - n units are estimated using the inex-
pensive technique alone. 
The double sampling with regression estimate of the sample mean 
Ylr is given by Cochran (1977) as: 
ylr = g + b(x ... - ~) ( 17 ) 
where y is the sample mean of then "low error" units, bis the least 
squares regression coefficient of yon x for the subsample n measured 
by both techniques, x.,, is the mean of then.,, "high error" units in the 
total (or large-scale) sample, and xis the mean of then "high error" 
units in the sub- (or small-scale) sample. Cochran states as his 
assumptions that the population is infinate and that there exist a 
linear relationship between y, and x .• 
.l .l . 
Cochran's estimator is biased when 
2 the skewness (g 1 ) of yi and/or xi /. O, or when the r i= 1.0. An al-
ternative estimator which is more robust to deviations from normality 
is: 
... 
n n n 
E y, + b( Ex .... - Ex.) 
9 - i=l 1 i=l 1 i=l 1 lr - ... (18) 
n 
The variance of the population mean {V(ij 1r)) is given by Haydock 
and Shaw (1975) and Cochran (1977) as: 
l _ 
------ - ---- - - -- ---- --------- ------------------, 
n 
") _ 2 2 + p 0 , I ~ 
n 
158 
2 
where o is the population variance of y; pis the population cor-
y 
relation coefficient between y and x; 2 o is the residual mean y.x 
square; and 8 is the population regression coefficient. A sample 
estimate of V(y 1r) is: 
2 2 2 
s s + s ~ ~ + y y • X 
,,. 
n n 
c, 
-~ 
(19) 
-(21) 
(22) 
2 (Cochran, 1977) wheres is the sample residual mean square; y.x 
2 
s is y 
the sample variance of y; bis the sample regression coefficient; and 
s
2 is the sample variance of x. - Haydock (1978, pers. corr . ) has sug-
x 
2 gested that the latter term is better estimated bys,,., the sample 
X 
variance of x in the large-scale sample, since n' >> n and the small-
scale sample is seldom taken at random. 
If the small-scale sample is very small and the term 1/n is not 
negligible to 1, a suggested (Haydock and Shaw, 1975; Cochran, 1977) 
estimate of the variance of the mean is: 
2 
s y-x 
1 (_, -) 2 
_ + X - X · 
n E(x. - x/ 
. .1 
+ 
where N is the finate population size. 
for s 2 , yielding: 
Here, 
X 
2 
s Y·X 
l+ 
n 
2 2 
s - s y y·x 
, 
n 
2 
s 
_g_ 
N 
2 
s ,,. 
X 
may be substituted 
2 
s 
_]J_ 
N 
(23) 
(24) 
I 
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The expression is obtained under the assumption that 1) the large-
scale sample is drawn at random from the population and 2) the small-
scale sample is drawn at random from 1). Cochran (1963) commented on 
the utility of selecting the small-scale sample to obtain a wide spread 
in the values of i. , which serves to reduce the sampling error of b . 
.1. 
The optimum values of n and n~, which minimize v(y 1r) subject to 
a fixed measurement cost (and vice-versa), depend on the population cor-
relation between the "low" and "high error" estimators, which is 
generally unknown prior to sampling. Tenenbein (1971,1974) recommends 
the use of a pilot sample of m high and low error estimates in order 
to estimate the population coefficient of determination (K) of yon x. 
Thus for the fixed cost model: 
and for the fixed variance model: 
::. {n (0.3 + I0.21/R) 
, , V 
m :f. b · m1 
c
0
IR./(lii + l)c 1 > 21 
otherwise 
m1 > nv(0.3 + I0.21/R) 
otherwise 
(25) 
(26) 
where C
0 
is the maximum allowable sampling cost; R is the ratio of c1 
the cost of one "low error" estimate, to c 2 , the cost of one "high 
error estimate; m1 is obtained from Tenenbein (1974, Table 1); and 
n is the number of "low error" estimates required for a given signif-
v 
icance level a, if only "low error" estimates were obtained. The latter 
is estimated by: 
n = 
V 
(N - 1 (9{B)) 
z2 
]) + s2 
y 
(27) 
(Mendenhall, et al., 1971) where Bis the percent difference (expressed 
160 I I (J 
as a decimal) betwe 'en means that we wish to detect and , Z is the standard '.d . : rl 
normal deviate associated with significance level a. 
Optimum units for n and n' are estimated for the Fixed Cost Model 
by: 
=Cf /(c 1f + c 2) 0 0 0 (28) 
and 
(29) 
and for the Fixed Variance Model by: 
n = n (1 - K + Kf) fv V 0 (30) 
and 
nf n K/(nf - n (1 - K)) 
V V · V V (31) 
where 
. (32) 
We assume the linear cost model: 
(33) 
is applicable. 
The optimum values of n and n' are directly proportional ton. 
. V 
Therefore, if n is underestimated, n and n' will be underestimated by 
V 
an equal proportion. 
1- . -
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APPENDIX E 
DATE CONVERSIONS 
162 
Days since Days since 
snow melt Gregorian Julian snow melt Gregorian Julian 
in meadow date days in meadow date days 
0 April 21 111 50 June 10 161 1 22 112 51 11 162 2 23 113 52 12 163 3 24 114 53 13 164 4 25 115 54 14 165 5 26 116 55 15 166 6 27 117 56 16 167 7 28 118 57 17 168 8 29 119 58 18 169 9 30 120 59 19 170 10 May 1 121 60 20 171 11 2 122 61 21 172 12 3 123 62 22 173 13 4 124 63 23 174 14 5 125 64 24 175 15 6 126 65 25 176 16 7 127 66 26 177 17 8 128 67 27 178 18 9 129 68 28 179 19 10 130 69 29 180 20 11 131 70 30 181 21 12 132 71 July 1 182 22 13 133 72 2 183 23 14 134 73 3 184 24 15 135 74 4 185 25 16 136 75 5 186 26 17 137 76 6 187 27 18 138 77 7 188 28 19 139 78 8 189 29 20 140 79 9 190 30 21 141 80 10 191 31 22 142 81 11 192 32 23 143 82 12 193 33 24 144 83 13 194 34 25 145 84 14 195 35 26 146 85 15 196 36 27 147 86 16 197 37 28 148 87 17 198 38 29 149 88 18 199 39 30 150 89 19 200 40 31 151 90 20 201 41 June 1 152 91 21 202 42 2 153 92 22 203 43 3 154 93 23 204 44 4 155 94 24 205 45 5 156 95 25 206 46 6 157 96 26 207 47 7 158 97 27 208 48 8 159 98 28 209 49 9 160 99 29 210 
163 I;, -'. 
Days since Days since 
snow melt ; , Gregorian Julian , ! i., .·, snow melt Gregorian , Julian 1 ' • , 1 
in meadow . -: . ; date ] ; ~ ·days ·!:1vc, in meadow .-. date ,; , 1·_0 days ,;,, ...__:} 
- -·· -- ·-
100 July 30 211 iso Sept. 18 261 
101 31 212 151 19 262 
102 August 1 213 152 20 263 
103 2 214 153 21 264 
104 3 215 154 22 265 
105 4 216 155 23 266 
106 5 217 156 24 267 
107 6 218 157 25 268 
108 7 219 158 26 269 
109 8 220 159 27 270 
110 9 221 160 28 271 
111 10 222 161 29 272 
112 11 223 162 30 273 
113 12 224 163 Oct. 1 274 
114 13 225 164 2 275 
115 :t-4 226 165 3 276 
116 15 227 166 4 277 
117 16 228 167 5 278 
118 17 229 168 6 279 
119 18 230 169 . 7 280 
120 19 231 170 8 281 
121 20 232 171 9 282 
122 21 233 172 10 283 
123 22 234 173 11 284 
124 23 235 174 12 285 
125 24 236 175 13 286 
126 25 237 176 14 287 
127 26 238 177 15 288 
128 27 239 178 16 289 
129 28 240 179 17 290 
130 29 241 180 18 291 
131 30 242 181 19 292 
132 31 243 182 20 293 
133 Sept. 1 244 183 21 294 
134 2 245 184 22 295 
135 3 246 185 23 296 
136 4 247 186 24 297 
137 5 248 187 25 298 
138 6 249 188 26 299 
139 7 250 189 27 300 
140 8 251 190 28 301 
141 9 252 191 29 302 
142 10 .1 253 192 30 303 
143 11 254 193 31 304 
144 12 255 194 Nov. 1 305 
145 13 256 195 2 306 
146 14 257 196 3 307 
147 15 258 197 4 308 
148 16 259 198 5 309 
149 17 260 199 6 310 
164 ; (,, 
APPENDIX F 
DIVERSITI DATA 
r -
I Table 18. ,Diversity indices for the Meadow seral ensemble in 1977, based on gross standing crops. Refer to Appendix A for index abbreviations. 
··- - _ .. 
- _ ,, 
pea peak Sameling intervals pbotosyn. 
Index t.og base bi0111a11 at. crops 1 2 3 4 5 6 
E • 10 7.587 8. 778 1.673 12.068 7. 312 5.899 5.915 1.852 
C 
E • e 3.295 3.812 o. 726 5.241 3.176 2. 562 2.569 0.804 
C 
E • 2 2.284 2. 642 0.504 3.633 2.201 1.776 1.781 0.558 
C 
E 10 7. 79 5 8. 397 2.545 9.573 6.165 5.674 611763 2.587 
C 
E e 3.386 3.647 1.105 4.157 2.677 2.464 2.937 1.124 
C 
Ec 2 2.34 7 2. 528 0.766 2.882 1.856 1.708. 2.036 o. 779 
H' 10 1.034 1.001 0.365 1.141 0.863 0.841 1.007 0.348 
11· e 2. 381 2.306 0.641 2.626 1. 987 1.937 2. 320 0.801 
11· 2 3.435 3. 327 1.213 3 .,791 2.861 2.794 3.346 1.155 
var(H') 10 0.014 0.011 0.052 0.025 0:023 0.015 0.012 . 0.061 
var(II') e 0.032 0.026 0.119 0.057 0.053 0.035 0.028 0.140 
var(II ') 2 0.046 0 . 037 0.171 0.083 0.076 0.051 0.040 o. 202 
J' any 0.637 0.617 0.469 o. 797 0.563 0.581 0.750 0.411 
var(J ') •10 0.005 0.004 0.065 0.012 0.010 0.007 0.007 0.085 
var{J ') e 0.002 0.002 0.037 0.005 0.004 0.003 0.003 0.037 
var(J ') 2 0.002 0.001 0.026 0.004 0.003 0.002 0.002 0.026 
1/">.. 6.830 5.338 1.9 70 8.968 3.530 3. 782 7.204 1.669 
-log
8
">.. a• 10 0.834 0.727 0.295 . 0.953 0.548 0.578 0.858 0.223 
-logi a • e 1.921 1.675 0.678 2.194 1.261 1.330 1. 975 0.512 
-toga). a • 2 2. 772 2.416 0.976 3.165 1.620 1. 919 2.649 o. 739 
J* any 0.616 0.599 
var (J*) 10 0.005 0.004 
var(J*) e 0.002 0.002 ".' .... 
var (J*) 2 0.002 0.001 0\ V, 
-, 
.) l 
Table 19. Diversity indices for the Aspen seral ensemble in 1977, based on gross standing crops. Refer to 
Appendix A for index abbreviations. 
peak peak Sameling intervals 
Index l.og base photosvn, t 1 2 3 4 5 biomass 9 • crops 
F. • 10 8.912 15.635 7.851 10.912 11. 715 10. 336 10.475 
C 
F. • e 3.871 6.790 3.410 4.739 5.088 4.489 4.549 
C 
F. • 2 2.683 4.707 2.364 ).285 ).527 3 .111 3.15) 
C 
E 10 11.556 13.14 7 7. 736 10.246 11. 372 9.640 8.670 
C 
F. e 5.019 5.710 3.360 4,450 4.939 4.187 3. 766 
C 
E 2 3.479 3.958 2.329 3.084 3.423 2.902 2.610 
C 
11· 10 1.219 1.267 1.133 1. 301 1.146 1.025 0.992 
II• e 2. 807 2.918 2.610 2. 996 2.640 2.3 60 2.285 
11· 2 4.050 4. 210 3.765 4.323 3.808 3.404 3.296 
var(II ') 10 O.Oll 0.008 0.126 0.004 0.010 0.015 0.016 
var(H') e 0.026 0.018 0.291 0.008 0.023 0.031 . 0.037 
var(II ') 2 0.037 0.026 0.420 0.830 0.678 0.644 0.611 
.I. any 0.670 0.697 0.832 0.830 0.678 0.644 0.611 
var(J') 10 0.003 0.002 0.068 0.001 0.004 0.006 0.006 
var (J ') e 0.002 0.001 0.030 0 . 001 0.002 0.003 0.003 
var(J ') 2 0.001 0.001 0.021 0.000 0.001 0.002 0.002 
1/'A 9.400 11.571 10. 797 14.880 9.57 3 6. 817 5.524 
-log
8
'A a• 10 0.973 1.064 1.033 1.173 0.981 0.834 o. 742 
-log 8 'A a • e 2.241 2. 449 2.379 2. 700 2.259 1.919 1. 709 
-log 8 '- a • 2 3.233 3.532 3.432 3.895 3.259 2. 769 2. 466 
J* any 0.639 0.664 
var(J*) 10 0.003 0.002 
var(J*) e 0.001 0.001 
var (.I*) 2 0.001 0 .001 ..... (7\ 
(7\ 
Table 20. Diversity indices for the Fir seral ensemble in 1977, based on gross stanqing crops. Refer to 
Appendix A for index abbreviations. .. 
--- - - - ~ - -- - - -· 
peak peak Sameling intervals 
Index Log hsse photosyn. st. crop 1 2 3 4 5 biomaaa 
E • 
C 
10 7,-747 12.804 8.933 9.232 9.177 7.124 8.143 
E • e 3.365 5.561 3.880 4.009 3.985 3.094 3.537 C 
E • 2 2.332 3.854 2.689 2. 779 2.763 2.144 2 .451 C 
E • 10 9.119 10.423 7. 711 7.901 8.561 5.984 6.927 
C 
E • e 3.960 4.527 3.349 3 . 431 3.718 2.599 3.009 
C 
E • 2 2.745 3.138 2.321 2.379 2.577 1.801 2.085 
C 
11· 10 1.161 1.236 l.006 1.026 1.106 1.036 0. 780 
H' e 2.673 2. 847 2.317 2.362 2.547 2.384 1. 795 
11· 2 3.856 4.107 3.343 3.408 3.675 3.440 2.590 
var(II ' ) JO 0.011 0.008 0.019 0.015 0.011 0.013 0.034 
var(II ') e 0.026 0.019 0.044 0.034 0.025 0 .030 0.077 
var(H ") 2 0.037 0 . 027 0.063 0.049 0.036 0.043 0.112 
.I. any 0.648 0,690 0.64 7 0.614 0. 691 o. 708 0.539 
var(.l •) JO 0.004 0.003 0.008 0.00.5 0.004 0.006 0.016 
var(.l ' ) e 0.002 0.001 0.003 0.002 0.002 0.003 0.007 
var(J ') 2 0.001 0.001 0.002 0.002 0.001 0.002 0 .005 
1/>. 8.897 11. 535 5.794 6.227 8.813 6 .917 . 3.019 
-logs>. II• 10 0.949 1.062 0 . 763 0. 794 0.945 0.840 0.480 
-logs>. s • e 2.l86 2.445 1. 757 1.829 2.176 1.934 1.105 
-log/ s • 2 3.153 3,528 2.535 2.639 3.140 2.790 1.594 
.I* any 0.619 0.659 
var(.I*) 10 0.003 0.002 
var(J*) e 0.001 0.001 
.... 
var(J*) 2 0.001 0.001 °' .... 
. i 
- - -- - -- - - ------------------------ -- --------i 
Table 21. Diversity indices for the Spruce-Fir seral ensemble in 1977, based on gross standing crops. Refer 
to Appendix A for index abbreviations. 
--- - ·-- - ----- --·- - . - --- ---· ===------ -==::::·:::::.::-_:~:::.. --:.: :-:.::-·_-_-_ -_-: _:- _----==-----------------------
lntlex 
E 
C 
f. • 
C 
E 
C 
l.og bnne 
10 
e 
2 
10 
e 
2 
lO 
e 
2 
var(II') 10 
var(II') e 
var(II') 2 
J any 
var(J') 10 
var(J') e 
var(J ') 2 
J /J. 
-lo~
0
A a• 10 
-log
8
A a• e 
-logi a • 2 
J* any 
var(J*) 10 
var(J*) e 
v11r(J*) '-
peak pen I: 
photosyn. nt. crop 
biomau 
9.615 
4.176 
2,895 
9. 222 
4.005 
2. 776 
1.117 
2.572 
1 . 711 
0 . 024 
0.056 
o.o:u 
0.657 
0 .009 
0. 004 
0.003 
8 . 572 
0.9D 
2.149 
),100 
0.636 
0.008 
0.003 
0.002 
10.929 
4. 74 7 
3,290 
10.056 
4,367 
3.027 
1.156 
2.661 
3.ll39 
0.012 
0.029 
0.041 
0.680 
0.004 
0.002 
0 . 001 
7.723 
0.003 
2.045 
2.950 
0.653 
0.004 
0.002 
0,001 
1 
7.079 
3.074 
2.131 
7.858 
3.413 
2.365 
1.008 
2.322 
3 . 349 
0 . 036 
0.084 
0.121 
o. 704 
0.018 
0 .008 
0,005 
7.127 
0.865 
1.992 
2.873 
Sampling int e rv a l:i 
2 3 -- -- - 4 
6.639 
2 . 883 
1.999 
6.981 
3.032 
2.101 
1.151 
2.651 
3.024 
0 . 005 
0.010 
0.015 
o. 779 
0.002 
0.001 
0.001 
10.431 
1.018 
2. )45 
3.383 
7. 513 
3 . 263 
2. 262 
6.822 
2. 963 
2.054 
1.159 
2.668 
3 . 849 
0.01)4 
0.009 
0.013 
0 . 784 
0.002 
0.001 
0.001 
10.855 
1.036 
2.3d5 
3.440 
7.079 
3 . 074 
2.131 
4.583 
1. 991 
1.380 
0. 703 
1.619 
2.336 
0,035 
0.081 
0 . 116 
0.51_7 
0,1)19 
0,008 
0.006 
2. 900 
0.462 
1.065 
1. 536 
5 
6.321 
2. 745 
1.903 
6.471 
2.8 10 
1.9411 
0 . 815 
1.876 
2.707 
0.023 
0.052 
0.075 
0.637 
0.014 
0.006 
0.004 
4.3)4 
0.637 
1.467 
2 .116 
.... 
0\ 
00 
- - -· .
·Table 22. Diversity indices for the Aspen seral ensemb,le in 1977, based on net standing crops. Refer to 
' ,, Appendix A for index abbreviations. , I 
peak peak Sam[!ling intervals 
Index Log base photosyn, t r 1 2 3 4 5 ~ biomas 8 ' cop 
~: . 10 
C 
9.055 15.628 10.910 11.714 10. 336 10.476 ·- I'• 111" I 
E • e 
C 
3.932 6,787 4.ne 5.087 4 .489 4.550 
E • 2 2. 726 4 . 705 3.284 3.526 3.112 3.154 C 
E 
C 
10 11.556 13.14 7 10,246 11.372 9.640 8,671 
E 
C 
e 5.019 5.710 4.450 4.939 4.187 3. 766 
E 2 3.479 3.958 
C 
s 3.084 3 . 423 2.902 2.610 
A 
11· 10 1.215 1.266 H 1.297 1.146 1.025 0.992 
II• 2.798 2.915 E 2.%6 2,639 2.360 2.285 e 
11 • 2 4.036 4. 205. A 4 . 308 3.808 3.404 3.296 
s 
var(t() 10 0.012 0.008 0.004 0.010 0.015 0.016 
var(H') e 0.027 0.018 G R 0.008 0.023 0.033 0.037 
var(ll') 2 0.039 0.026 0 0.012 0.034 0.048 0.053 
s 
J' any 0.668 0.696 s 0.827 0.678 0.644 0.611 
var(.)') 10 0.004 0.002 s 0.002 0.004 0.006 0.006 
var(J ') 0.0(12 0.001 T 0.001 0.001 0.003 0.003 e A 
var(J') 2 0.001 . 0.001 N 0.000 0.001 0.002 0.002 
D 
1 / 'A 9. 384 11.551 I 14. 7 20 9.571 6.816 5.524 
N '\ 
-log/ s • 10 0.972 1.063 G 1.168 0.981 0.834 o. 742 
-loga'A a • e 2.239 2. 44 7 2.689 2.259 l.919 1. 709 
-log
8 
'A 2 3.230 3.530 C 3.880 3.259 2.769 2.466 a • R 
J* 0.637 0.663 0 any p 
var(J*) 10 0.003 0.002 
var(J*) e 0.001 0.001 
.... 
var(J*) 2 0.001 0.001 
°' ID 
C 
'L 
Table 23. Diversity indices for the Fir seral ensemble in 1977, based on net standing crops. Refer to 
Appendix A for index abbreviations. 
Index 
E • 
C 
E • 
C 
E • 
C 
Log base 
10 
e 
2 
E • 10 
C 
Ee· e 
E ' 2 
C 
11· 10 
11· e 
11· 2 
var(II') 10 
var(II ') e 
var(II') 2 
J' any 
vac(J ') 10 
var(J ') e 
var(J ') 2 
1/'>, 
-log A a• 10 
a 
-log A a• e 
a 
-log A a• 2 · 
a 
J* any 
var(.J*) 10 
var(J*) e 
var(J*) 2 
peak peak photosyn. 
biomass st • crop 
7. 738 
3.361 
2.330 
9.119 
3.960 
2.745 
1.161 
2.672 
3.855 
0.011 
0.026 
0 . 037 
0 . 648 
0.004 
0.002 
0.001 
8. 895 
0.949 
2 .186 
3.153 
0.619 
0.003 
0.001 
0.001 
12.803 
5.560 
3.854 
10.423 
4.527 
3.138 
1. 236 
2.846 
4.106 
0.008 
0.019 
0.027 
0.690 
0.003 
0.001 
0.001 
11. 532 
1.062 
2. 445 
3.528 
0.659 
0.002 
0.001 
0.001 
l 
s 
A 
H 
E 
A 
s 
G 
R 
0 
s 
s 
s 
T 
A 
N 
D 
I 
N 
G 
C 
R 
0 
p 
Sampling intervals 
2 3 4 
s 
A 
M 
E 
A 
s 
G 
R 
0 
s 
s 
s 
T 
A 
N 
D 
I 
N 
G 
C 
R 
0 
p 
9.148 
3.972 
2.754 
8.561 
3. 718 
2.577 
1.106 
2.547 
3.674 
0.011 
0.025 
0.036 
0.690 
0.004 
0.002 
0.001 
8.810 
0.945 
2.176 
3.139 
7.12 
3.093 
2.144 
5.985 
2.599 
1.802 
1.035 
2.383 
3.438 
O. Oll 
0;030 
0.043 
o. 709 
0.006 
0.003 
0.002 
6.917 
0.840 
1.934 
2.790 
5 
8.137 
3.534 
2.449 
6.927 
3.009 
2.085 
o. 780 
1. 795 
2 , 590 
0.034 
0.077 
0.112 
0.539 
0.016 
0.007 
0 . 005 
3.019 
0.480 
1.105 
1. 594 ;, 
..... 
..... 
0 
( 
\ Diversity 
I 
Table 24. indices for the Spruce-Fir seral ensemble in 1977, based on net standing crops. Refer 
to Appendix A for index abbreviations. 
,_ <&-;:.. _ _ 
peak peak Sam~lin& interval photosyn. 
Index Log base biom88B at . crop 1 2 3 4 ' 5 
t,; • 10 9.619 10.935 6.641 7.513 5 . 088 6.291 11 .. • , •• 
C 
E • e 4.177 4. 749 2.884 3.263 2 . 210 2.732 
C 
E • 2 2.896 3. 292 
C 
1.999 2.262 1.532 . 1.894 
E • 10 
C 
9. 222 10.056 s 6.981 6.822 4.583 6.471 
E • e 4.005 4.367 A 3.032 2.963 1.991 2.810 
C M E • 2 2.776 3.027 2.101 2. 054 1.)80 1,94e 
C E 
II• 10 1.117 1.156 A 1.151 1.159 0.703 0.815 
11· e 2.573 2. 661 s 2. 650 2.668 1.618 1.876 
11· 2 3. 712 3. 839 G 3.823 3.849 2.334 2. 707 
var(II ') 10 0.025 0 . 012 R 0 .005 0.004 0.035 0.023 0 
Val'(II') e O.OH 0.029 s 0.010 0 . 009 0.1)81 0 . 052 
var(II ') 2 0.082 0.041 s 0.015 0.013 0.117 . 0.075 
J' 0 . 658 0.680 s o. 779 0 . 781 0.516 0.6)7 any T 
vu(J ' ) 10 0.009 0.004 A 0.002 0 . 002 0.019 0.014 N 
var(J ') e 0 . 004 0.002 I) 0.001 0.001 0.008 0.006 
var(J') 2 0.003 0.001 I 0.001 0.001 0.006 0.004 N 
lt). 8.560 7.706 G 10.418 10.854 2 .881 4.334 
-log>. a• 10 0.933 0.887 C 1.018 l.OJ6 0.460 0.637 
a R 
-log
8
>. 8 • C 2.148 2.042 0 2.344 2 . 385 ·1.058 1.467 
-1oga>. a • 2 3.098 2.946 p J.)81 3.440 1.527 2.116 
J* any 0.636 0.658 
var(J*) 10 0.008 0 . 004 
var(J*) e 0.004 0.002 
var(J*) 2 0 . 002 0.001 .... 
-.J 
.... 
. ·- -· . - ·· ··-·· 
APPENDIX G 
1977 WATER BALANCE 
172 i J.'.~ 
Table 25· Mean weekly water balance computation over the snow-free season for the U.S.U . School Forest. 
Julian 107- 114- 121- • 128- 135- 142- 149- 156- 163- 170- 177- 184- 191-- ''." 
Date 113 120 127 134 141 148 155 162 169 176 183 190 197 . - . 
Abbrev. 
Meadow 
(All values except T and I in mm. Water holding capacity in root zone of soil is 75 mm) 
T°C 1. 21 6.8 1 0.4 1 3.7 -2.3 0.9 9.5 12.0 11.3 11.5 13.1 12.3 14,0 
I 0.12 1.59 0.02 0.63 0.00 0.07 2.64 3.76 3.44 3.53 4.30 3.89 4.73 
PE 83 113 0.4 7 o.o 1 16 23 19 19 22 20 23 ., p 0 0 392 142 581 172 o3 51 2 3 0 0 0 : 
P-PE -8 -11 39 7 58 16 -16 -18 -17 -17 -22 -20 -23 
AccPotWL -8 -19 0 0 0 0 · -16 -34 -51 -67 -89 -110 -123 
ST 67 57 75 75 75 75 59 46 34 30 22 16 12 
6ST -8 -10 +18 0 0 0 -16 -13 -12 -4 -8 -6 -4 
AE 8 10 0.4 7 0 1 16 18 14. 7 8 6 4 
D 0 1 0 0 0 0 0 5 5 13 14 14 19 
Aseen 
(Water holding capacity in root zone of soil is 36 mm) 
ST 30 24 36 36 36 36 26 17 12 9 6 4 2 
6ST -6 -6 +12 0 0 0 -10 -9 -5 -3 -3 -2 -2 
AE 6 6 0.4 7 0 1 10 14 7 6 3 2 2 
D 2 5 0 0 0 0 6 9 12 14 19 18 21 
Fir 
(Water holding capacity in root zone of soil is 65 mm) 
I--' 
-....J 
ST 59 49 65 65 65 65 51 40 29 26 19 14 10 l.,.J 
6ST -7 -9 +16 0 0 0 -14 -11 -11 -3 -7 -5 -4 
AE 7 9 0.4 7 0 1 14 16 13 6 7 5 4 
D 1 2 0 0 0 0 2 7 6 14 15 15 19 
Table 25. Continued. 
Julian 107- 114- 121.;. 128- 135- 142- 149- 156- 163- 170_; 177- 184- 191-
Date 113 120 127 134· 141 148 155 162 169 176 183 190 197 
Abbrev. 
Seruce-Fir 
(Water holding capacity in root zone of soil is 90 mm) 
ST 83 74 90 90 90 90 77 63 50 45 36 29 23 
6ST -7 -9 +16 0 0 0 -13 -14 -13 -5 -9 -7 -6 
AE 7 9 0.4 7 0 1 13 19 15 8 9 7 6 
D 1 2 0 0 0 0 3 4 4 12 13 13 17 
Julian 198- 205- 212- 219- 226- 233- 240- 247- 254- 261- 268- 275- 282-
Date 204 211 218 225 232 239 246 253 260 267 274 281 288 
Meadow 
(All values except T and I in mm. Wate.r holding capacity in root zone of oil is 75 mm), 
T°C 14.6 12.4 13.8 13.1 12.3 8.8 7 .. 1 11.6 6.4 1.1 3.7 1.5 ' ).. 0 
I 5.07 3.94 4.63 4.30 3.89 2.33 1.68 3.56 1.44 0.10 0.63 0.16 0.09 
PE 23 20 22 20 18 13 11 16 10 2 5 2 1 
p 8 4 0 0 88 21 0 0 0 3 4 4 3' o,!· 
P-PE -16 -16 -22 -20 70 8 -11 -16 -10 1 . -1 1 ..:..1 · 
AccPotWL-148 .-165 -186 -206 -137 -129 -140 -156 -166 -165 -166 -165 -166 
ST 10 8 6 4 11 13 11 9 8 8 8 8 8 
6ST -2 -2 -2 -2 +7 +2 -2 -2 -1 0 0 0 0 
AE 10 6 2 2 19 14 2 2 1 2 4 2 0 ,_. 
D 14 14 20 18 - 0 0 9 14 9 0 2 0 1 -...J 
.c-
Table 25 .. Continued. 
Julian 198- 205- 212- 219- 226- 233- 240- 274- 254- 261- 268- 275- 282-
Date 204 211 · 218 225· 232 239 246 247 260 267 274 281 288 
Abbrev. 
Aspen 
(Water holding capacity in root zone of soil is 36 mm) 
ST 1 1 1 1 2 2 2 1 1 1 1 1 1 
6ST -1 0 0 0 +l 0 0 -1 0 0 0 0 0 
AE 9 4 0 0 19 14 0 1 0 2 4 2 0 
n · 15 16 22 20 0 0 11 15 10 0 1 0 1 
Fir 
(Water holding capacity . in root zone of soil is 65 mm) 
ST 9 7 5 3 10 ' 11 10 8 7 7 7 7 7 
6ST 
-1 -2 -2 -2 +7 +l -1 -2 -1 0 0 0 0 
AE 9 6 2 2 19 14 1 2 1 2 4 2 0 
D 15 14 20 18 0 0 10 14 9 0 1 0 1 
Spruce-Fir . · 
(Water holding capacity in root zone of soil is 90 mm) 
ST 20 16 14 11 22 24 22 18 16 16 16 16 16 
6ST -3 -4 -2 -3 +11 +2 -2 -4 -2 0 0 0 0 
AE 11 8 2 3 19 14 2 4 2 2 4 2 0 
D 13 12 20 17 0 0 9 12 8 0 1 0 1. 
..... 
'-.I 
V, 
-,-- --- .. ----·-- - . 
Table 25 .. Continued. 
Julian 289- 296- 303- For snow- 5 Date 295 302 309 free season 
Abbrev. 
Meadow 
(All values except T and I in mm. Water holding capacity in root zone of soil is 75 mm) 
T°C 6.4 -1.2 -0.9 
14.22 2 I 1.45 0.00 o.oo 
PE 8 0 03 341 p 8.1 3 o3 0 268 
P-PF -0.1 0 0 
AccPotWL -166 -166 -166 
ST 8 8 8 
tiST 0 0 0 
AE 8 0 0 171 
D 0 0 0 172 
Aspen 
(Water holding capacity in root zone of soil is 36 mm) 
ST 1 1 1 
6ST 0 0 0 
AE 8 0 0 125 
D 0 0 0 217 
Fir 
(Water holding capacity in root zone of soil is 65 mm) 
,_. 
ST 16 16 16 '-I 
°' 6ST 0 0 0 
AE 8 0 0 182 
D 0 0 0 162 
Table 25. Continued. 
Julian 289- 296- 303- For snow"'." 5 Date 295 302 309 free season 
Abbrev. 
(Water holding capacity 
ST 16 16 16 
liST 0 0 0 
AE 8 0 0 182 
D 0 0 0 162 
1Based on single weather station. 
2 Expressed monthly (61.94 + 4.36 = 14.22) 
3Based on Laketown Utah Station 
SEruce-Fir 
in , root zone of soil is 90 mm) 
4Abbreviations: T°C = mean air temperature in degrees centigrade, I= heat index, PE= potential 
evapotranspiration, P = precipitation, P-PE = pr~cipitation minus potential 
evapotranspiration, ACCPotWL = Acculumated potential water loss, ST= soil 
moisture storage, liST = change in soil · moisture storage, AE = actual evapo-
transpiration, D = moisture deficit. 
5 Allowing for rounding errors. 
If 
